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SELECTION GUIDE AND a. 
CROSS REFERENCE ___ CHAPTER 1 


RF POWER TRANSISTORS AND MODULES 


High Frequency, Low Voltage Amplifier Transistors/Modules 


The transistors listed in this table are specified for operation in RF Power amplifiers and are 
listed by specific application at a given test frequency. Arrangement within each application group 
is in the order of increasing output power. Modulation type is given in each application heading. 


Pin Pout GpE Vcc 


input Power Output Power Power Gain Supply Voltage 
Device Type Watts | Watts dB Min Volts Package 


2-30 MHz, SSB TRANSISTORS 


MRF476 : 3.0 PEP 
2N6367 9.0 PEP 
MRF475 ; 12 PEP 
MRF432* 12.5 PEP 
MRF433* 12.5 PEP 
MRF406 ~ 20 PEP 
MRF460 : 40 PEP 
MRF421 100 PEP 


*PNP/NPN Complements for Complementary Symmetry Driver, See EB-32. 


For Matched Pairs, Order MK 433. 
14-30 MHz, CB/AMATEUR TRANSISTORS 


MRF8003 
MRF8004 
MRF449 
MRF449A 
MRF450 
MRF450A 
MRF453 
MRF453A 
MRF455 
MRF455A 
MRF454 
MRF454A 


27-50 MHz, LOW-BAND FM TRANSISTORS 


MRF402 
2N5847 
2N5848 
2N5849 
MRF490 
MRF490A 
MRF492 
MRF492A 


40-100 MHz, MIDBAND FM TRANSISTORS 


MRF229** 
MRF230 
MRF231 
MRF232 
MRF233 
MRF234 


**Grounded Emitter TO-39 Package. 


TO-39 
TO-39 
211-07 
145A-09 
211-07 
145A-09 
211-10 
145A-10 
211-07 
145A-09 
211-11 
145A-10 


TO-39 
145A-09 
145A-09 
145A-10 
211-11 
145A-10 
211-11 
145A-10 


TO-39 
TO-39 
145A-09 
145A-09 
145A-09 
145A-09 


RF POWER TRANSISTORS AND MODULES (continued) 


High Frequency, Low Voltage Amplifier Transistors/Modules (continued) 


Pin Pout GpE Vcc 


Input Power Output Power Power Gain Supply Voltage 
Device Type Watts Watts dB Min Volts 


156-162 MHz, VHF MARINE RADIO FM TRANSISTORS/MODULES 


MRF237* 
MRF238 
MHW603 


TO-39 
145A-09 
297-02 


*Grounded Emitter TO-39 Package. See EB-29. 


130-175 MHz, HIGH-BAND/VHF FM TRANSISTORS 


MRF604 
2N4427 
MRF607 
2N6255 
2N5589 


MRF237* 
2N6080 
2N5590 
MRF212 
2N6081 


MRF221 
MRF215** 
2N5591 
2N6082 
MRF222 


2N6083 
MRF223 

- 2N6084 
MRF224 
MRF216** 


MRF243** 
MRF245** 


TO-46 
TO-39 
TO-39 
TO-39 
144B-05 


TO-39 
145A-09 
145A-09 
145A-09 
145A-09 


211-07 
316-01 
145A-09 
145A-09 
211-07 


145A-09 
211-07 

145A-09 
211-07 
316-01 


316-01 
316-01 


*Grounded Emitter TO-39 Package. See EB-29. _ 
**Controlled “Q” Transistor. See EB-19. 


146-175 MHz, HIGH-BAND/VHF FM MODULES 
MHW601 


MHW602 
MHW603 


NOTE: See EB-23 for Applications Information. 


220 MHz, CITIZENS BAND FM TRANSISTORS 


MRF207 


TO-39 


MRF225 TOQ-39 
MRF227* TO-39 
MRF208 145A-09 
MRF226 ; 145A-09 
MRF209 : 25 145A-09 


*Grounded Emitter TO-39 Package. See EB-29. 


RF POWER TRANSISTORS AND MODULES (continued) 


High Frequency, Low Voltage Amplifier Transistors/Modules (continued) 


Vcc 
Supply Voltage 
Volts 


GPE 
Power Gain 
dB Min 


Pin Pout 


Output Power 
Watts 


Input Power 


_ Watts Package 


Device Type 


407-512 MHz, UHF FM TRANSISTORS 


249-05 
305-01 


2N6256 
MRF626 


MRF627 
MRF628 
MRF515 


2N3948 
2N5644 
MRF629* 
2N5944 
2N5945 


2N5946 

MRF641** 
MRF644** 
MRF646** 
MRF648** 


305A-01 
249-05 
TO-39 


TO-39 
145A-09 
TO-39 
244-04 
244-04 


244-04 
316-01 
316-01 
316-01 
316-01 


*Grounded Emitter TO-39 Package. Case 79-03. 
**Controalled QO" Transistor. See EB-19. 


Voc 
Supply Voltage 


GpE 
Power Gain 


Pin Pout 
Input Power | Output Power 


Device Type 


407-512 MHz, UHF FM MODULES 


MHW401-1 
MHW401-2 
MHW401-3 
MHW709-1 
MHW709-2 


MHW709-3 
MHW?710-1 
MHW710-2 
MHW710-3 


Watts 


Watts 


400-440 
440-470 
470-512 
400-440 
440-470 


470-512 
400-440 
440-470 
470-512 


dB Min 


Volts 


Package 


NOTE: See EB-8 for Applications Information. 


Vcc 
Supply Voltage 
Volts 


GPE 
Power Gain 
dB Min 


Pin Pout 
Input Power Output Power 
Watts Watts 


Device Type 


806-947 MHz, UHF FM TRANSISTORS 


249-05 
305A-01 
305A-01 

244-04 

319-01 

319-01 

319-01 

319-01 


MRF816 
MRF838 
MRF838A 
MRF817 


MRF840 
MRF842 
MRF844t 
MRF846t 


tTo Be Introduced. 
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RF POWER TRANSISTORS AND MODULES (continued) 


High Frequency, High Voltage, Power Amplifier Transistors 


The transistors listed in this table are specified for operation in RF Power amplifiers and are 
listed by specific application at a given test frequency. Arrangement within each application group 
is in the order of increasing output power. Modulation type is given in each application heading. 


Pin. Pout GPE 
Input Power Output Power Power Gain 


Supply Voltage 


Device Type Watts Watts dB Min 
2-30 MHz, SSB TRANSISTORS 


2N6370 10 PEP 
MRF432 12.5 PEP 
MRF433 12.5 PEP 
2N5070 25 PEP 
MRF401 25 PEP 
MRF427A 25 PEP 
2N5941 40 PEP 
MRF463 80 PEP 
MRF464 80 PEP 
MRF464A 80 PEP 
MRF422 150 PEP 
MRF428 150 PEP 
MRF428A , 150 PEP 


2N3866 
2N3553 
2N564 1 
2N5642 


MRF314 


MRF314A 
2N5643 


MRF315 
MRF315A 
MRF316* 


MRF317* 
*Controlied OQ” Transistor. See EB-19 
225-400 MHz, UHF AM TRANSISTORS 


MRF525 . 13 
2N3866 ; ; 10 
MRF313 ; : 16 (typ) 
MRF313A : 16 (typ) 
MRF5174 : 12 


MRF321* 12 
MRF323* 10 


MRF5177 6.0 
MRF5177A 6.0 
MRF325** 8.5 


MRF326 : 9.0 
2N6439* : 8.0 
MRF327* 7.3 


+Grounded Emitter TO-39, Case 79-03. 
*Gold Metallization, Double Matched Controlled ‘‘Q”’ Transistor. See EB-26, EB-19. 
**Controlled “’Q"’ Transistor. See EB-19. 
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Package 


211-07 
211-07 
211-07 
TO-60 
145A-09 
145A-10 
211-07 
211-08 
211-11 
145A-10 
211-08 
211-08 
307-01 


TO-39 © 
TQ-39 
144B-05 
145A-09 


211-07 
145A-09 
1454-09 

211-07 
145A-09 

316-01 


316-01 


TO-39t 
TO-39 
305-01 


305A-01 


244-04 


244-04 
244-04 
215-02 
145A-09 
316-01 


316-01 
316-01 
316-01 


SMALL-SIGNAL RF TRANSISTORS 


Typical Gain-Bandwidth Product versus Collector Current 


Motorola small-signal and medium power RF transistors with gain-bandwidth products from 1 
GHz to 6 GHz operate with currents from 0.25 mA to over 100 mA. The following chart combined 
with the tables of package options enables the circuit designer to select the optimum device from 
Motorola’s wide range of transistor/package combinations. 


y 


IAM 


RO 


fy, GAIN-BANDWIDTH PRODUCT—GHz 


i 
/ 
| : 


WYN, 
IWAN 


0.1 1.0 2.5 5.0 10 15 20 30 50 75 100 


lc, COLLECTOR CURRENT—mA 


2N3866, 2N3866A, MM8000 

2N5160, MM4018, PNP 

2N3948, 2N4427, MRF207 

2N5109, 2N5943, MM8001, MM8002 

2N5583, PNP 

2N5836, 2N5837 

MRF511, MRF517, MRF525 

2N2857, 2N3839, 2N5179, MRF501, MRF502 

2N6304, 2N6305, BFW92, BF X89, BF Y90 

2N4957, 2N4958, 2N4959, PNP 

MMBR931, MRF931 

2N6603, BF R90, MMBR901, MMBR920, MRF901, MRF902, MRF904 
2N6604, BFR91, MMBR930, MRF911, MRF912, MRF914 
BFR96 
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SMALL-SIGNAL RF TRANSISTORS (continued) 


UHF and Microwave Oscillators 


The transistors listed below are for UHF and microwave oscillator applications as initial signal 
sources or as output stages of limited range transmitters. Devices are listed in order of increasing 
test frequency. 


Test Conditions 


f Vec 
Device Type MHz Volts 


2N5179 
2N2857 
2N3839 
MMs00g 
2N5108 
MRF905 
2N3866 


Package 


*Typical 


Low-Noise Transistors 


The low-noise devices listed are produced with carefully controlled rp and fr to optimize 
device noise performance. Devices listed in the matrix are classified according to noise figure 
performance versus frequency. 


Frequency MHz 


oe 


2N5829 
2N5031 


2N4957 
2N5032 


2N4958 
2N5032 


2N4959 
2N2857 


~2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N5179 


2N5829 
2N5031 


2N4957 
2N5032 


2N4958 
2N5032 


2N4959 
2N2857 


2N4959 
2N5179 


2N4959 
2N5179 


2N4959 
2N5179 


MRF904 


2N5829 
2N5031 


2N4957 
2N5032 


2N4958 
2N5032 


2N4959 
2N2857 


2N4959 
2N5179 


2N4959 
2N5179 


MRF904 


2N5829 
2N5031 


2N4957 
3N5032 


2N4958 
3N5032 


2N4959 
2N2857 


2N4959 
2N2857 
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MRFQO1 


MRF901 
2N6603 
2N5829 


MRF901 
2N6604 


2N4957 
2N5031 


2N4958 
2N5031 


2N4959 
2N5032 


MRF902 


MRF901 


SMALL-SIGNAL RF TRANSISTORS (continued) 
High Speed Switches 


The transistors listed below are for use a$ high-frequency current-mode switches. They are also 
suitable for RF amplifier and oscillator applications. The devices are listed in ascending order of 
collector current. 


Test 
Conditions 
Ic/VCE 
mA/Volts 


Device Type 


Package 


MD4957 
2N3959 
2N3960 
2N5835 
MM4049* 


MRF914 
2N5842 
2N5841 
MRF531 


MRF532* 
2N5583* 
2N5836 50/6.0 
2N5837 100/3.0 


*PNP **Typ 


2.0/10 
10/10 
10/10 
10/6.0 
20/5.0 


20/10 
25/4.0 
25/4.0 
50/25 


50/25 
50/10 


CATV, MATV, and Class A Linear Transistors 


The devices listed below are excellent for Class A linear CATV/MATV applications. The devices are 
listed according to increasing Current-Gain (fT). More information concerning the device for your 
specific linear design needs can be obtained through your local Motorola Sales Office or Motorola 
distributor. 


‘Distortion Specifications 


3rd | 12Ch. | Output 
Order Cross- 
IMD Mod. 


Nominal Test 
Conditions 


VcE/Ic 
Volts/mA 


. ‘2nd 
Max/Freq. Order 
MHz IMD 


Level 
dbMV 


Device 


Type Package 


MRF501 
MRF502 
2N5179 
BFY90 
BFW92 
2N6305 
BFX89 
2N5109 
2N5943 
2N6304 
MRF511 
MRF517 
BFR9O 
BFR91 
BFR96 


4.5*/200 
4.0*/200 
4.5/200 
5.0/500 
4.0/500 
5.5/450 
6.5/500 
3.0*/200 


3.4/200 | 


4.5/450 
7.3*/200 
7.5/300 
2.4*/500 
1.9*/500 
3.3*/500 


~65 
~72 


TO-72 
TO-72 
TO-72 
TO-72 
302A-01 
TO-72 
TO-72 
TO-39 
TO-39 
TO-72 
144D-04 
TO-39 
302A-01 
302A-01 


-302A-01 


SMALL-SIGNAL RF TRANSISTORS (continued) 


Hybrid Amplifier Modules 


The Hybrid Modules listed are specified for amplifier applications in CATV distribution equip- 
ment, but are applicable wherever broadband (HF/VHF) low distortion, low-noise amplification is 
required. These modules are also specified as wideband amplifiers for use in communications/ 
instrumentation equipment operating in bands from 1 MHz to 400 MHz. 


CATV HYBRID MODULES 


Gain _ Maximum Distortion Specifications : 
40-300 MHz Output 2nd Order Test | 35 Channel 35 Channel Noise Figure 
Device db Level Note 1 Triple Beat Cross-Mod. @ 300 MHz 
Type Min/Typ dBmV dB dB dB 
MHW1121 11.6/12.0 


MHW 1122 11.6/12.0 
MHW1171 16.6/17 


MHW1172 16.6/17 


MHW1182* 18.0/18.5 
MHW 1221 21.4/22 


MHW 1222 21.4/22 


MHW 1341 33/34 
MHW 1342 33/34 
MHW 1343** 33/34 


Note 1. Channels (2 and 13) @R. 

*Operating Frequency Range = 5 to 120 MHz. 
**Two Section—Accessible Interstage. 

t3 Channels Triple Beat 
Tt12 Channels @ Poy; = +54 dBm. 


GENERAL-PURPOSE 50 (02-100 02 WIDEBAND MODULES 


Frequency Supply Output Level Noise Figure 
Device Range Voltage 1 dB Compression @ 250 MHz 
Type MHz Vde mW/f (MHz) dB 


MHW590 32.5/34 800/200 
MHW591 35/36.5 700/100 
MHW592 34.5/36 900/100 
MHW593 34/35.5 600/200 


TO-39 WIDEBAND, 50 (2. MODULES 


Frequency ~ Gain Output Level 
Device Range dB 


Type MHz Min/Typ 


1 dB Compression Noise Figure 


MWA110# DC-400 
MWA 120# DC-400 


#To Be Introduced. 


SMALL-SIGNAL RF TRANSISTORS (continued) 


Selection By Package 


In small-signal RF applications the package style is often determined by the end application or 
circuit construction technique. To aid the circuit designer in device selection below are listed the 
Motorola broad range of RF small-signal transistors organized by package. 


TO-39 METAL CAN 


Device Type 


MM8s000 
MMs001 
2N5109 
2N5943 
MRF525 
MRF517 


TO-72 METAL CAN 


| Gain-pw | Noise Figure | Gain_—|__—Maximum Ratings 


am fT Ic Ic BVcEO| Ic PY 
Device Type GHz mA mA V mA | mW-Ta 
~ 450 


2N5031 14 200 
2N5032 Oo} 5. 14 200 
2N4958" . 16 200 
2N4959* ; 15 200 
2N5829 . 17 200 


2N4957* : 0 . : : 17 200 
MRF501 : ; : : 200 


MRF502 : : : 200 
2N6305 : : ; 200 
BFX89 ; 200 


BFY90 200 
2N5179 ie 200 
2N6304 : 200 
2N3839 ; 3. 200 
2N2857 200 


MRF904 : : : 200 
MRF914 : 0 ; 200 


*PNP **Typ 


SMALL-SIGNAL RF TRANSISTORS (continued) 


Selection By Package (continued) 


PLASTIC — SOE 


| Gain-Bw | Noise Figure | Maximum Ratings 


fT Ic Ic BVCEO PY 
Device Type GHz mA mA V mW-Ta 


BFW92 ‘ : 16* : 50 
MRF931 : : : : 16* : : 50 


MRF901 10 375 Tc 
MRF911 5 ; 12.5" 400 Tc 
BFRQO 18* 180 
BFRQ1 | 16* 3 180 
BFROG 9.0 500 Tc 


*Typ 


CERAMIC — SOE 


| Gain-BW | Noise Figure Maximum Ratings | 


fr Ic Ic BVceo| !c | Pr 
Device Type GHz mA mA V mA | mW-Ta 
1 200 | | 


2N5947_ 10 | 250} 30 | 


MRF511 . 10 25 
MRF902 . 13° 15 
2N6603 oO |. 13* 15 
MRF912 5. 14 12 
2N6604 , 14 12 


*Typ 


MiniBloc (SOT-23)—Case 318 


| Gain-Bw | Noise Figure | Gain_|__ Maximum Ratings 


fT ic f f | BVcEO | Ic PT 
Device Type GHz mA MHz _ V mA | mW-Ta 


MMBR5179 : 450 é 11 200 
MMBR4957* ; : : 450 : 14.5 200 


MMBR5031 } 2. : : 450 : 13.5 200 
MMBR2060 : : 500 : 13 200 
MMBR931 ; ‘ : 500 : 18 : : 50 

MMBR9Q01 : : 1000 : 200 
MMBR920 : 500 : 17 200 
MMBR930 , 9 | 500 : 200 


*PNP 


HIGH RELIABILITY RF TRANSISTORS 


The listed devices are active per QPL-19500 (Qualified Products List) as of August 22, 1977. Check 
with your local Motorola Sales Office or franchised Distributor for current qualification status and 


additions. 


The transistor complements listed are suita 


2N2857JAN 2N3960JAN 
2N2857JTX 2N3960JT X 
2N2857JTXV 2N3960JT XV 
2N3375JAN 2N4957JAN 
2N3375J5TX 2N4957JTX 
2N3375JTXV 2N4957JTXV 
2N3553JAN 2N5109JAN 
2N3553JTX 2N5109JTX 

- 2N3553JTXV 2N5109JTXV 
2N3866JAN *2N6603JAN 
2N3866JT X * INGGO3JT X 
2N3866JTXV * 2N6GO3JST XV 
2N3866AJAN *2N6604JAN 
2N3866AJTX _ *2N6604JTX 
2N3866AJTXV *2N6604JTXV 


*Qualification in process. 


TRANSISTOR COMPLEMENTS 


sistors, please contact your local Motorola Sales Office or Motorola distributors. 


NPN PNP 

2N3866 2N5160 

2N3553 MM4019 

2N2857 2N4958 (not true complement but close) 


2N3959, 2N3960 


2N4260, 2N4261 


2N3960JAN MM4261H 

2N3375 2N5161 (best match available) 
2N5643 2N5162 (in SOE needs base stabilization) 
2N6080 2N6094 

2N6081 - 2N6095 

2N6082 2N6096 

2N6084 2N6097 

MM8023 2N5583 . 

MRF904 MM4049 (best match available) 
MRF531 MRFE532 

MRF433 MRF432 


ble for most applications requiring NPN and PNP devices 
of similar RF characteristics. If your applications demands special matching of complementary tran- 


PACKAGE INFORMATION 


Package Overview 


CASE 20-03 7 | 
1 10-72 a CASE 307-01 
CASE 244-04 
\\ CASE 22-03 CASE 26-03 
\, 70-18 T0-46 


2, 


Ce 
Chy— CASE 215-02 CASE 79-02 
— =ey \ 70-39 
fs : CASE 305A-01 


ASE 36-03 


CASE 211-08 


| CASE 211-07 
SS CASE 211.09 CASE 211-1 
CASE 211-10 


SE 


CASE 249-05 


CASE 79-03 
TQ-39 


CASE 302A-01 


v4 


CASE 303-01 


Z AL S Te 
7 CASE 1440-05 


CASE 319-01 CASE 144A-03 


1-14 


PACKAGE INFORMATION (continued) 


Standard Stripline Opposed Emitter (SOE) 
and Flange Mount Packages 


pony zeke 


Ca 


Number 
of Leads 


Lead Stud Wrench 
Width Thread Fiat 


144B-04 Narrow 
144D-05 Narrow 
145A-09 Wide 
145A-10 Wide 
145C-03 Wide 
244-04 Wide 
305-01 Narrow 


307-01 Wide 


211-08 4 Wide Flange 
211-07 4 Wide Flange 
oe 211-10 4 Narrow Flange 
211-11 4 Wide Flange 
215-02 2 Wide Flange 
316-01 ,ca Wide Flange 
278-05 co Wide Flange 
319-01 (CS12) (6) Narrow Flange 


Studless 
Studless 
Studless 
Studless 


‘Narrow 
Narrow 
Wide 

Narrow 


Narrow Studless 
Narrow | Studless — | 


144C-04 
207A-01 
249-05 

305A-01 


PACKAGE INFORMATION (continued) 


Stud Torque 


TO-102 SOE 
Condition 6-32 8-32 
1.8 
2.1 


D flat alignment + 5° from collector lead 


SOE TO-60 SOE 
10-32 | 10-32 1/4-28 
5.0 8.5 12 35 
6.5 11.0 15 35 


For repeated use (inch—Ib) 
One time only (inch—I!b) 


Mounting Hardware 


Hex Nut BO9490A006 
Lock Washer B52200F 004 
Flat Washer | B51567F036 


Hex Nut B51568F042 
Lock Washer B51566F030 
Flat Washer | B51567F038 


Has Nut B51568F015 
Lock Washer B51566F020 
Fiat Washer B51567F009 


Hex Nut B51568F029 
Lock Washer B51566F011 
Flat Washer B51567F025 


MOTOROLA RF CROSS-REFERENCE LIST © 


This list represents the closest electrical and mechanical in different packages. [f the unit does not meet specific 


Motorola equivalents to most industry RF offerings. Some requirements, contact your Motorola representative for a 
devices may not be exact electrical replacements; some are custom-designed device specially selected and built to meet 


your application needs. 


2N1491 —2N6200 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
| PARTNO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
2N 1491 MRF531 ~ 2N4958 2N4958 2N5774 2N5636 
2N2631 2N3553 | 2N5016 2N50 16 2N5775 MRF5177 
2N2857 2N2857 2N5031 2N5031 2N5829 2N5829 
2N2876 2N3375 2N5032 2N5032 2N5834 2N3553 
2N2947 2N5641 2N5053 2N6305 2N5835 2N5835 
2N3118 2N3553 2N5054 2N6304 2N5836 2N5836 
2N3119 MRF531 2N5070 2N5070 2N5837 2N5837 
2N3 137 2N3 137 2N5071 2N5071 2N5841 2N5841 
2N3287 2N3287 2N5090 2N5090 2N5842 2N5842 
2N3288 = 2N3287 2N5 102 2N5071 2N5846 MRF231 
2N3289 2N3287 2N5108 2N5 108 2N5847 2N5847 
2N8290 2N3287 2N5109 2N5109 2N5848 2N5848 
2N3293 2N3287 2N5160 2N5160 2N5849 2N5849 
2N3296 2N5641 2N5161 2N5161 2N5862 2N5862 
2N3309A 2N3553 2N5 162 2N5 162 2N5913 MRF607 
2N3375 2N3375 2N5179 2N5179 2N5914 2N5944 
ae : 2N3478 2N5179 2N5 180 2N5179 2N5915 2N5946 
2N3553 2N3553 2N5262 MRF531 2N5916 MRF5177 
2N3570 2N5032 2N5421 2N4427 2N5917 ~ MRF5 174 
2N3571 2N5032 2N5422 MRF606 2N5918 MRF321 
2N3572 2N5032 2N5423 2N3926 2N5919A MRF323 
2N3600 2N5179 2N5424 2N3927 2N5941 2N5941 
2N3632 2N3632 2N5460 MRF454 2N5942 2N5942 
2N3733 2N3632 2N5583 2N5583 2N5943 2N5943 
2N3818 =i; 2N3632 | 2N5589 2N5589 2N5944 2N5944 
2N3839 2N3839 2N5590 2N5590 . 2N5945 2N5945 
2N3866 2N3866 2N5591 2N5591 2N5946 2N5946 
2N3880 2N5032 2N5635 2N5635 2N5947 2N5947 
2N3925 2N5589 2N5636 2N5636 2N5992 MRF232 
2N3926 2N3926 2N5637 2N5637 2N5993 MRF234 
2N3927 2N3927 2N5641 2N5641 2N5994 2N5643 
2N3948 2N3948 2N5642 2N5642 2N5995 MRF212 
2N3950 2N3950 2N5643 2N5643 2N5996 2N6081 
2N3959 2N3959 2N5644 2N5644 2N6080 2N6080 
2N3960 2N3960 2N5645 2N5645 2N6081 2N6081 
2N3961 2N5641 2N5646 2N5646 2N6082 2N6082 
2N4012 2N4012 2N5687 2N4427 _——e 2N6083 2N6083 
2N4040 2N5636 2N5688 MRF475 ON6084 2N6084 
2N4041 2N5635 2N5689 2N5847 2N6093 MRF464 
2N4072 2N4072 2N5690 2N5848 2N6094 2N6094 
2N4073 2N4073 2N5691 2N5849 2N6095 2N6095 
2N4127 2N6081 2N5697 MRF515 2N6096 2N6096 
2N4 128 2N6082 2N5698 2N5944 2N6097 2N6097 
2N4 130 2N4 130 2N5699 . 2N5847 2N6104 MRF5177 
2N4 130 MRF463 | | 2N5707 | MRF401 2N6105 MREF5177A 
2N4192 MRF531 2N5708 2N5941 2N6136 2N6136 
2N4193 MRF531 2N5710 2N4073 2N6166 2N6 166 
2N4427 2N4427 2N5711 2N5641 2N6197 9N3553 
2N4428 2N4428 2N57 12 2N5642 2N6198 2N5641 
2N4440 2N4440 2N5713 2N5642 2N6199 2N5642 
2N4932 2N3926 2N5714 2N5643 2N6200 2N5643 
2N4933 2N3927 | 2N5773 MRF5174 . 
2N4957 2N4957 


2N6201 —BFR49 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

2N6201 2N6 166 280 1298 2N6084 40955 MRF238 

2N6202 MRF5174 2501329 MRF234 40964 MRF515 

2N6203 MRF5175 28C 1336 MRF902 40965 MRF515 

2N6204 2N5637 280 1365 MRF5 17 40967 2N5944 

2N6205 MRF5177 250 1366 MRF517 40968 2N5946 

2N6255 2N6255 25C 1603 2N5944 40970 MRF644 

2N6256 2N6256 25C 1604 MRF628 40971 MRF646 

2N6304 2N6304 25C 1605A MRF226 40972 MRF607 

2N6305 2N6305 28C 1606 MRF327 40973 2N608 1 

2N6361 MRF325 28C 1689 2N5643 40974 2N6082 

2N6362 2N6439 + 28C 1729 MRF226 40975 2N3553 

2N6366 MRF475 25C 1804 MRF321 40976 2N3553 

2N6367 MRF433 28C 1805 MRF323 40977 2N5642 

2N6368 MRF460 25C 1806 MRF5177A 41008 MRF628 

2N6439 2N6439 25C 1807 BFY90 41008A 2N5944 

2N6455 MRF406 25C 1808 2N5944 41009 MRF616 

2N6456 MRF 406 25C 1946 MRF222 41009A 2N5944 

2N6457 MRF 460 2801947 2N3924 41010 2N5946 

2N6458 MRF 460 25C 1966 2N5944 41024 2N5 108 

2N6459 MRF454 28C 1967 2N5945 41025 » MRF321 

280319 2N4427 28C 1968 MRF641 41026 MRF323 

25C320 MRF60 28C 1969 MRF475 41027 MRF321 

25C567 2N5031 28C2040 MRF511 — 41028 MRF323 

2SC568 2N503 1 25C2 132 MRF646 41038 MRF905 

280571 2N4427 3TX620 2N5944 80091 MRF511 

28C572 2N3926 3TX621 2N5944 80099 MRF525 

250573 2N3927 3TX622 2N5945 80167 MRF511 

250585 2N3632 3TX820 2N5944 80231 MRF5 11 

280597 2N3553 3TX822 2N5945 A3-12 MRF403 

29C598 2N3926 3582 1B MRF902B A3-28 2N5641 

2SC600 2N3927 3582 1E MRF902 A25-12 2N5848 

28C628 MRF225 35822B MRF902B A25-28 MRF314 

280635 2N3632 35822E MRF902 AT004 MRF904 

25C636 2N3632 35824A MRF904 | AT0017 MRF904 

25C637 2N3926 358258 MRF902B ATO017A MRF904 

250638 2N3927 35825E MRF902 AT0025 MRF904 

2SC651 2N4428 40080 MRF8003 ATO025A MRF904 © 

28C652 2N5943 4008 1 MRF8003 AT25 . MRF901 

280821 2N4427 40082 MRF8004 AT25A MRF90 1 

280822 MRF607 40240 MRF5OI AT25B MRF9011 

280823 2N5943 40279 2N3375 AT50 BFR90 

280824 2N5943 40280 2N4427 AT51 BFR90 

280831 2N3927 40281 2N392 AT52 BFR9O 

28C852 2N5943 40282 2N3927 AT 1425 BFR9O 

250890 MRF515 40290 2N3553 AT2625 _ MRF902 

28C891 2N5645 40291 2N3632 AT2645 MRF902 

28C892 2N5646 40340 2N5071 AT2645A MRF902 

250988 2N6304 40341 2N3950 AT2715 MRFS12 

25C988A MRF904 40446 MRF8004 B1-12 2N4427 

28C990 2N5646 40581 MRF8004 B2-8Z 2N6080 

28C 1043 MRF5 11 40582 MRF8004 B3-12 2N6080 

‘| 2801044 2N2857 40608 2N5943 B5-8Z 2N608 1 

25C 1081 2N5646 40637A 2N4072 B8-12 MRF212 

25C 1090 BFR90 40665 2N3375 B12-12 2N6081 

2501119 MRF902 40666 2N3632 B12-28 MRF314 

2801251 MRF511 40893 2N5946 B15-12 2N6081 

28C 1252 MRF5 17 40894 2N5179 B25-12 2N6082 

28C 1254 2N2857 40895 2N5179 B25-28 MRF314 

25C 1256 2N6255 40896 2N5179 B30- 12 2N6083 

25C 1257 2N5590 40897 2N5179 B40-12 2N6084 

25C 1258 2N608 1 40915 2N5031 B40-28 MRF315 

28C 1259 2N6083 40934 MRF616 B45-12 2N6084 

28C 1260 2N6304 40936 2N5070 BAM20 MRF314 

28C 1275 2N6304 40940 MRF5175 BAM40 MRF315 

28C 1297 2N6082 40941 MRF313 BAM80 MRF316 
40953 MRF207 BAM 120 MRF317 
40954 MRF208 BFR49 MRF902 


1-18 


BFRS53 —MM1602 


; MOTOROLA MOTOROLA 
DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 
REPLACEMENT REPLACEMENT 


MOTOROLA MOTOROLA 
DIRECT SIMILAR 


PART NO. PART NO. REPLACEMENT REPLACEMENT . PART NO. 


BFR53 
BFR63 
BFR64 
BFR65 
BFR90 
BFR91 
BFR92 
BFR93 
BFR94 
BFR95 
BFR96 
BFS17 
BFS22A 
BFT24 
BFT25 
BFW 16A 
BFW17A 
BFW46 
BFW47 
BFW92 
BFX89 
BFY90 
BGY22 
BGY22A 
BGY23 
BGY23A 
BGY36 
BGY 450 
BLW60 
BLW64 
BLW75 
BLX13 
BLX14 
BLX15 
BLX65 
BLX66 
BLX67 
BLX68 
BLX69A 
BLX91. 
BLX92 
BLX93 
BLX94A 
BLX95 
BLX96 
BLX97 
BLX98 
BLY53A 
BLY57 
BLY58 
BLY59 
BLY60 
BLY87A 
BLY88A 
BLY89A 
BLY90 
BLY91A 
BLY92A 
BLY93A 
BM 15-12 
BM30- 12 
BM45-12 
BM70-12 
BM80- 12 
BM80-28 
BM 100-28 
C1/2-12 


MRF511 
MRF511 
MRF9 11 
BFR9O 
BFRO1 
MMBR920 
MMBR930 
MRF511 


BFR96 


2N3924 
MRF911 


MMBR931 


MRF5 17 
MRF5 17 
2N3924 
2N3553 
BFW92 
BFX89 
BFY90 


MHW602 


MRF208 
MRF226 
MRF401 
MRF464A 
MRF428A 


MRF616 
2N5944 
2N5945 


MRF5 174 
MRF321 
MRF5177A 


2N3926 
2N3927 
2N3375 
2N3632 . 
MRF2 12 
2N6081 
2N6082 


2N5641 

2N5643 

2N5643 

MRF215 
MRF216 
MRF243 
MRF245 
MRF245 
MRF3 16 
MRF317 
MRF626 


MMBR920 


MRF517 


MMBR5 179 


MHW401 
MHW401 
MHW709 
MHW709 


MHW595 
MRF449A 


MRF629 


2N6 136 
MRF313A 


MRF326 
MRF821 
MRF321 
MRF323 


2N5946 


MRF243 


C1-12 

C 1-122 
C1-28 
C2-8Z 
03-12 
C3-28 
C5-82Z 
C5-12 
C10-12A 

C 12-12 

C 12-28 
C25-12 
C25-28 
C40-28 
C50-28 
C2M50-28R 
C2M60-28R 
C2M70-28R 


C2M 100-28 


CA100 
CA200 
CA416 
CA418 
CA601B/U 
CA636 
CA801 
CA804 
CA860 
CA870 
CA2100 
CA2200 
CA2600 
CD1752 
CD 1802 
CD1803 
CD1979 
C02035 
CD2087 
C02088 
CD2089 
C025 14 
CD2545 
CD28 10 


CD3400 


CD3401 
CD3403 
CD3550 
CD59 18 
CD59 19A 
CD5944 
CD5945 
CD5946 
CD6105 
CD6105A 
CD7012 
CM10-12A 
CM20-12A 
CM25-28 
CM30-12A 
CM45-12A 
CM45-28 
CMS0-12A 
CM60-12A 
CM80-28 
CM80-28R 
CTCi4 
CTC15 


MRF616 
2N5944 


2N5645. 


~ MRF5175 


2N5945 
2N5946 
2N5646 
MRF321 
2N6 136 
MRF323 


2N6439 
MRF327 


MHW 1182 


MHW 1642 
MHW590 
MHW590 
MHW590 
MHW590 
MHW1171 
MHW 1172 
MHW 1342 


MRF226 
MRF209 


MRF321 
MRF323 


MRF321 
MRF323 
2N5944 
2N5945 
2N5946 


MRF454 
MRF641 
MRF644 
MRF325 
MRF646 
MRF646 
MRF326 
MRF648 
MRF648 
MRF327 
MRF327 
MRF464A 
MRF428A 


MRF326 
2N6439 
2N6439 


MRF327 

MHW1171 
MHW1172 
MHW 1182 


MHW 1342 


MRF317 


MRF321 
MRF5175 
MRF5175 


2N608 1 
MRF450 
MRF321 
MRF315 
MRF316 
MRF317. 
MRF315 


MRF5177A 
MRF5177A 


D1/2-12 
D1-12B 
D1-12E 
D2-12B 
DM3-7BA 
DM5-12BA 
DM10-12BA 
DOM 15-12BA 
DM20-12BA 
DM30-12BA 
DM40-12BA 
DM45-12BA 
JO 1006 
JO1008 
J02000 
JO2005 
JO02007A 
J02009 
JO2015 
J02016 
J02401 
JO3025 
JO03030 
J03040 
JO3055 
JO04020 
J04030 
J04040 
J04070 

LT 1001 
LT2001 
MHW401 
MHW580 
MHW590 
MHWS9 1 
MHW592 
MHW593 
MHW594 
MHW595 
MHW601 
MHW602 
MHW603 
MHW709 
MHW7 10 
MHW 1171 
MHW 1172 
MHW 1182 
MHW 1221 
MHW 1222 
MHW 1341 
MHW 1342 
MM439 

MM 1500 
MM1500A 
MM 1501 
MM1501A 
MM1510 
MM1511 
MM 1549 
MM 1550 
MM 1551 
MM 1557 
MM 1558 
MM 1559 
MM 1561 
MM 1601 
MM 1602 


MRF840 
MRF842 
MRF842 
MRF844 
MRF846 


MRF315 


MRF5177A 
MRF5177A 
2N6439 
MRF325 
MRF327 


MRF644 
MRF646 
MRF646 
MRF648 
MRF215 
MRF216 
MAF216 
MRF245 
MRF517 
MRF511 
MHW401 
MHW580 
MHW590 
MHW591 
MHW592 
MHW593 
MHW594 
MHW595 
MHW601 
MHWe602 
MHW603 
MHW709 
MHW7 10 
MHW1171 
MHW1172 
MHW1182 
MHW 1221 
MHW1222 
MHW1341 
MHW1342 


MRF816 
MRF817 
MRF817 
MRF817 
MRF840 
MRF840 


MRF846 


MRF317 


MRF327 
MRF326 


2N4959 
MRF905 
MRF905 
MRF905 
MRF905 
2N585 1 
2N5852 
2N5635 
2N5636 
2N5637 
2N5641 
2N5642 
2N5643 
2N6 166 
2N5589 
2N5590 


MM1603 —PT9700 


PART NO. 


MRF243 
MRF244 


MOTOROLA 
DIRECT 


REPLACEMENT REPLACEMENT 


2N5943 
MRF511 


MRF207 
MRF208 
MRF209 
MRF212 
MRF215 
MRF216 
MRF221 
MRF222 
MRF223 
MRF224 
MRF225 
MRF226 
MRF227 
MRF230 
MRF231 
MRF232 
MRF233 
MRF234 
MRF237 
MRF238 
MRF243 
MRF245 


MOTOROLA 
SIMILAR 


2N5591 
2N5841 
2N5842 
2N5842 
2N5846 
2N6255 
2N5847 
2N5849 
2N5849 
2N5941 
2N5942 
2N5849 
2N5644 
2N5645 
2N5646 
2N6 136 
2N6082 
2N6083 
2N6084 
2N6084 
2N6080 
2N6081 
2N4072 
2N4072 
2N4072 
2N6094 
2N6095 
2N6096 
2N6097 
2N5583 
MRF5177 


MRF8004 
2N5031 
2N5032 
MRF905 
MRF905 
MRF905 
2N5947 
2N5836 
2N5837 
2N5943 
2N6255 
MRF245 


PART NO. 
MRF245 
MRF305 
MRF306 
MRF313,A 
MRF314 
MRF315 
MRF316 
MRF317 
MRF321 
MRF323 
MRF325 
MRF326 
MRF327 
MRF401 
MRF402 
MRF404 
MRF406 
MRF415 
MRF416 
MRF417 
MRF418 
MRF418 
MRF419 
MRF420 
MRF421 
MRF422,A 
MRF427,A 
MRF428,A 
MRF432 
| MRF433 
MRF449,A 
MRF450,A 
MRF451 
MRF452 
MRF453,A 
MRF454,A 
MRF455,A 
MRF460 
MRF463 
MRF464,A 
MRF475 
MRF501 
MRF502 
MRF504 
MRF509 
_MRF514 
MRF515 
MRF917 
MRF519 
MRF525 
MRF531 
MRF601 
MRF602 
MRF603 
MRF604 
MRF605 
MRF606 
MRF607 
MRF618 
MRF619 
MRF620 
MRF621 
MRF626 
MRF627 
MRF628 
MRF629 
MRF816 


MOTOROLA 


DIRECT 


MRF245 
MRF325 
2N6439 
MRF313,A 
MRF314 
MRF315 
MRF3 16 


_ MRF317 


MRF321 
MRF323 
MRF325 
MRF326 
MRF327 
MRF401 
MRF402 
MRF404 
MRF406 


MRF418 
MRF460 


MRF454 
MRF421 
MRF422,A 
MRF427,A 
MRF428,A 
MRF432 
MRF433 
MRF449,A 
MRF450,A 
MRF453 
MRF453 
MRF453,4 
MRF454,4 
MRF455,A 
MRF460 
MRF463 
MRF464,A 
MRF475 
MRF501 
MRF502 


MRF509 
MRF511 
MRF515 
MRF517 


MRF525 
MRF531 


MRF603 
MRF604 


MRF606 
MRF607 
MRF641 
MRF644 
MRF644 
MRF646 
MRF626 
MRF627 
MRF628 
MRF629 
MRF816 


1-20 


MOTOROLA 
SIMILAR 
REPLACEMENT REPLACEMENT 


2N6366 
2N6367 
2N6368 


2N6370 


2N6 135 


MRF517 


2N6256 
2N6 136 


MRF306 


MRF8 17 
MRF8 18 
MRF901 
MRF902 
MRF904 
MRF905 
MRF911 
MRF912 
MRF914 
MRF931 
MRFS 174 
MRF5175 
MRF5176 


MRF5178 
MRF8003 
MRF8004 
MX1.5 
MX7.5 
MX12 
MX15 
MV20 
MV30 
PH0401H 
PH0403H 
PH0406H 
PH0412H 
PH0425H 
PH0450D 
PH0450H 
PH0501H 
PH0503H 
PHO506H 
PHO512H 
PH0525H 
PHO550H 
PH8193 
PT3501 
PT3503 
PT3537 
PT3570 
PT357 1 
PT3571A 
PT 4537 
PT4544 
PT4555 
PT4556 
PT4570 
PT4572A 
PT4574 
PT4578 
PT4579 
PT5695 
PT5701 
PT8549 
PT8551 
PT8717 
PT8740 
PT8769 
PT8809 
PT8810 
PT8811 
PT8825 
PT8828 
PT8837 
PT8838 
PT9700 


PART NO. 


MRF5177,A 


MOTOROLA 


DIRECT 


MRF817 
MRF818 
MRF901 
MRF902 
MRF904 
MRF905 
MRF911 
MRF912 
MRF914 
MRF931 
MRF5174 
MRF5175 
MRF5 176 
MRF5177,A 


MRF8003 
MRF8004 


MHW709 
MHW7 10 
MHW7 10 
MHW602 
MHW603 


MRF5175 


MRF321 
MRF325 
2N6439 
2N6439 


MRF321 
MRF321 
MRF325 
2N6439 


MRF230 


2N5947 
2N5943 
2N5943 


2N5947 
2N5947 
MRF511 
MRF517 
2N5943 


MRF402 


2N3553 
MRF231 


MRF233 
2N5944 
2N5945 
2N5946 


MRF212 
2N6081 
2N6084 
MRF5174 


MOTOROLA 


SIMILAR 


REPLACEMENT REPLACEMENT 


2N6439 


MHW401 


MRF5174 


MRF5175 


MRF5175 
MRF5S175 


MRF905 


- MRF232 


2N5944 


2N6080 
MRF212 
MRF234 
MRF450A 


MRF233 


2N6081 


MRF629 


2N6136 


PT9701 —V912 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
7 DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
PT9701 MRF5175 $D1020 MRF402 
PT9702 MRF323 $D 1020-6 MRF313A 
PT9703 MRF321 $D1020-7 MRF313 
PT9704 MRF5177A SD 1068 MRF230 
PT9704A MRF5177A SD 1069 2N5847 
PT9730 2N5641 $D1074 MRF453 
PT9731 MRF314 $D1076 MRF454 
PT9732 2N5641 $D1077 MRF8004 
PT9733 MRF315 $D1080 MRF207 
PT9734 MRF314 $D1080-2 MRF628 
PT9776 MRF455 $D1080-4 MRF604 
PT9776A MRF455A $D 1080-6 MRF627 
PT9780 MRF464 SD 1080-7 MRF626 
PT9780A MRF464A SD 1087 MRF641 
PT9782 MRF317 $D1088 MRF644 
PT9782A MRF317 $D1089 MRF646 
PT9783 2N5941 $D1095 MRF840 
PT9783A MRF400 $D1096 MRF842 
PT9784 MRF455 §D1098 MRF844 
PT9784A MRF455A $D1099 MRF846 
PT9785 MRF421 $D1115-4 MRF607 
PT9787 2N6370 $D1124 MRF245 
PT9787A 2N6370 $01127 MRF237 
PT9788 2N5941 $D1131 MRF629 
PT9788A MRF401 $01133 MRF212 
PT9790 MRF428 §D1133-1 MRF212 
PT9790A MRF428A $D1134 2N5944 
PT9795 -MRF433 $D1134-1 MRF225 
PT9795A 2N6081 $01135 2N5945 
PT9796 MRF449 $D1136 2N5946 
PT9796A MRF449A §D1143 MRF212 
PT9797 MRF450 $D1147 MRF5175 
PT9797A MRF450A $D1148 MRF321 
R47M10 MHW709 $D1149 MRF323 
R47M13 MHW/7 10 $D1166 MRF403 
R47M15 MHW7 10 $D1167 2N5847 
RF 1003 MRF221 SD1168 2N5848 
RF 1004 MRF223 $D1169 2N5849 
RF2081 MRF216 $D1174 2N6255 
RF2092 MRF460 $D1177 2N5589 
RF2123 MRF238 $D1200 2N3866 
RF2125 MRF450 §$D1216 2N5591 
RF2127 MRF245 $D1218 MRF209 
RF2135 MRF223 $D1219 MRF316 
RF2142 2N6367 $D1229 2N6083 
RF2143 MRF454 $D 1229-1 MRF222 
RF2144 MRF224 $D1232 MRF517 
RF2146 MRF476 SD 1242-5 2N5641 
RF2147 MRF475 $D1244-6 2N5642 
$10-12 MRF433 $D 1256 2N5589 
$10-28 2N6370 $D1262 MRF226 
$ 15-50 MRF427 $D1288 MRF453A 
$50-12 MRF450 $D1289 MRF 453 
$50-28 MRF464 $D1290 2N5849 
$80-12 MRF454 $D1295 MRF421 
$ 100-12 MRF 421 $01299 MRF326 
S$ 100-28 MRF422 $D1300 BFY90 
$ 100-50 MRF428 §$D1303 2N3839 
S$ 175-28 MRF422 $D1308 MRF905 
$ 175-50 MRF428 $D1347-7 MRF402 
$D1005 MRF511 v912 MRF902 


$D 1006 
$D1012 
$D1014 
$D1015 
$D1019 
$D 1019-5 


2N5943 
2N5590 
MRF233 
MRF315 


2N6 166 


MRF317 


2-30 MHz, 12.5 Vdo - CHAPTER 2 


MOTOROLA 2N6367 


Semiconductors 


BOX 20912 .6.PHOENIX, ARIZONA 85036 
| The RE Line 


NPN SILICON RF POWER TRANSISTOR 


9 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


. designed primarily for driver applications in 12.5 volt single- 
sideband amplifiers from 2.0 to 30 MHz. 


@® Specified 12.5 Volt, 50 MHz Characteristics — 
Output Power = 9.0 W (PEP) 
Minimum Gain = 14 dB 
Efficiency = 36% 

® intermodulation Distortion @ 9.0 W (PEP) — 
IMD = -36 dB (Max) 


1*MAXIMUM RATINGS’ 


a a 
| ‘Collector-Emitter Voitage 

| Collector-Base Voltage — | 

| Emitter- Base Vottage _ 

2. BASE 


| Total De Di 9 
ot vice ao @Tc= 25 Cc _ 3. EMITTER 
erate above - ee | . 4, COLLECTOR 


SEATING PLANE 


Storage Temperature Range 


| “Indicates JEDEC Registered Data. 


CASE 211-07 


2N6367 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Ig = 0) 


‘Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, VpeE = 0) 


| Emitter-Base Breakdown Voltage 
(le = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcgE = 15 Vdc, Vee = 0, Tc = 55°C) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
{ic = 500 mAdc, Vcg = 12.5 Vdc, f = 50 MHz) 


‘Output Capacitance 
(Vcp = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


| Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Pout = 9.0 WIPEP), IC(max) = 1.0 Adc, 
fy = 30 MHz, fo = 30.001 MHz) 

| Collector Efficiency — 
(Vcc = 12.5 Vdc, Poyt = 9.0 WIPEP), IC(max) = 1.0 Adc, 
fy = 30 MHz, fo = 30.001 MHz) 


| intermodulation Distortion (1 
fy = 30 MHz, fo = 30.001 MHz! 


*Indicates JEDEC Registered Data 
{1) To proposed E.1.A. Specifications 


L5 
Spamectl ALAN, & —B i = _ Q ‘. re. fv a + 
Bias 1N4719 @ pT Co AN CG me C7 co 7 12.5 Vde 
, ! 
i s < f 
oY . y Cee A, }- 13 Jt Lg =e 
a i al r. ! 
RF Output 
RF Input 
c1,C3 25-280 pF, ARCO 464 or Equivalent L2 5 Turns, #18 AWG, 1/4” ID, 5/167' Long (0.13 wH) 
C2,C4 170-780 pF, ARCO 469 or Equivalent L3 3.3 BH 
C5,C7,C9 «(0.1 WF L4 1.0 BH 
C6 500 uF TANTALUM L5 FERROXCUBE VK200 20/4B 
ca 680 pF Feedthru R1 10 Ohms 
1 3 Turns, #18 AWG, 1/4" 1D, 1/4” Long (60 nH) R2 50 Ohms 


Adjust Bias for Icg = 35 mA with no RF Signal applied 


— RAIOTOROCLA Semiconductor Products Inc. 
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2N6367 


Pout, OUTPUT POWER W(PEP) Pout, OUTPUT POWER W(PEP) 


IMD, INTERMODULATION DISTORTION (dB) 


FIGURE 2 — LINEAR OUTPUT POWER versus ee 


Ht 


(Uf 
wan 
Ps 


f, FREQU ENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus INPUT POWER 


Ica 35 me 


TWO TONE TEST: 
f= 15, 15.001 MHz 


Vec = 12.5 Vde 
pa eee 


SS 
Se] 
IN 
ce 
i* 
aN 
Ea 
a 


w 
Qo 


Pin, INPUT POWER mW(PEP) 


FIGURE 6 — INTERMODULATION DISTORTION 
versus OUTPUT POWER 


Vec = 12.5 Vde 
I1cQ=35mA 
f= 30, 30.001 MHz 


Pour, RF QUTPUT POWER W(PEP) 


Pout, GSUTPUT POWER W(PEP) 


Pout, OUTPUT POWER W(PEP) 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


Vcc = 12.5 Vde 
icQ=35 mA 


| | 
TWO TONE TEST: 
f = 30, 30.001 MHz 


100 200 300 400 
Pin, INPUT POWER mW(PEP) 


FIGURE 5 — OUTPUT POWER versus INPUT POWER 


Veco = 12.5 Vde 
icg=35 mA 


| | 
TWO TONE TEST: 
f= 4, 4.001 MHz 


Pin, INPUT POWER mW(PEP) 


FIGURE 7 — LINEAR OUTPUT POWER versus 
SUPPLY VOLTAGE 


IMD = -30 dB 
icq = 35 mA 
f = 30, 30.001 MHz 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA Semiconductor Products Inc. 


2N6367 


FIGURE 9 — PARALLEL EQUIVALENT INPUT CAPACITANCE 


FIGURE 8 — PARALLEL EQUIVALENT INPUT RESISTANCE 


Pout = 9.0 W(PEP) 
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FIGURE 11 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


FIGURE 10 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 
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Ica = 35 mA 
Pout = 9.0 W(PEP) 


Vec = 12.5 Vde 
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FIGURE 13 — COLLECTOR CURRENT versus BASE- 


dei 12 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 15 — INPUT CAPACITANCE 


FIGURE 14 — OUTPUT CAPACITANCE 
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FIGURE 17 — RF POWER DISSIPATION 


FIGURE 16 — DC SAFE OPERATING AREA 
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MOTOROLA 


Semiconductors 


BOX 20912 «PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for application as a power linear amplifier 
from 2.0 to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 20 W(PEP) 
Minimum Gain = 12 dB 
Efficiency = 45% 


® Intermodulation Distortion @ 20 W(PEP) — 
IMD = -30 dB (Min) 


® 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 


Collector Current — Continuous 


Withstand Current 
(t= 5.0 5s) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Storage Temperature Range 


Thermal Resistance, Junction to Case 


2-8 


MRF406 


20 W(PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


ng CSLIMETERS| INCHES 
[| in| MAX | | 


| MIN | 
| A [24.64 | 24.89 | 0.970 | 0.980 


CASE 211-07 


MRF406 


_ EEECTRICAL CHARACTERISTICS ic 25°C unless otherwise noted.) 
aca" CNSR AE AC HS 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vee = 0) 


Collector-Base Breakdown Voltage 


(I¢ = 50 mAde, tg = 0) 


Emitter-Base Breakdown Voltage | 
(le = 1.0 mAdc, tc = 0) 


Collector Cutoff Current 
(VcgE = 12.5 Vde, Vege = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 Adc, VCE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 20 WIPEP), IC(max) = 1.75 Adc, 
icq = 25 mAdc, f = 30, 30.001 MHz) 


Power Output 
(VceE = 12.5 Vde, f = 30 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 20 WIPEP), IC(max) = 1.75 Adc, 
IcQ = 25 mAdc, f = 30, 30.001 MHz) 


Intermodulation Distortion 
(Vce = 12.5 Vde, Pout = 20 W(PEP), IC(max) = 1.75 Adc, 
1cQ = 25 Adc, f = 30, 30.001 MHz) 


Load Mismatch 
(Vcc = 12.5 Vde, Pout = 20 WIPEP), Ic = 1.75 Adc, > 30:1 All Phase Angles 
IcQ = 25 mAdc, f = 30, 30.001 MHz) 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


HHH 
L5 


IN4997% 


c4 
a = RF Output 
RF Input : ex 
L3 
c3 


fF C1,C2,C4 ARCO 466 
C3 ARCO 469 
C5,C8,C9 0.1 “UF Disc Ceramic 


0.15 #H, Motded Choke 


15 Turns of #20 AWG Enameled Wire, 
C6 1000 uF ,3 V Electrolytic 1/4’ 1.D., Close Wound 


Cc? 1000 pF, UNELCO 4 Turns of #18 AWG Wire, 5/16” 1.D., 
100 wF,15 V Electrolytic 3/8"' Long. 


R1 "400 Ohm, 25 W, Wire Wound 10H, Molded Choke 
R2 10 Ohm,% W, Carbon 5 Ferrite Beads, FERROXCUBE #56-590-65/3B 


AA MOTOROLA Semiconductor Products Inc. 


MRF406 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


= -30dB 
25 mA 
30, 30.001 MHz 


{ 


iMD 
Ica 


12.5 V 
25 mA 
TWO TONE TEST: 


30, 30.001 MHz 


Vcc 
Ica 


f 


(ddd SLLWM) H3MOd LNdLNO 3" 


Pin, INPUT POWER (WATTS PEP) 


Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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_ £, FREQUENCY (MHz) 


FIGURE 6 — DC SAFE OPERATING AREA 
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MRF406 


FIGURE 7 — SERIES EQUIVALENT IMPEDANCE 


0.02 aR 
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sis ANGLE oF 
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Ly : po 
- lf ? fo a AN 


Ae 
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= 25 mA 
= 20 W (PEP) 


FIGURE 8 — PARALLEL EQUIVALENT OUTPUT FIGURE 9 ~ PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY RESISTANCE versus FREQUENCY 


Coo ery 
{co = 25 mA 
feted Pout = 20 W(PEP) 


e Vec = 12.5V 
leq = 25 mA 
Pout = 20 W(PEP) 


~ 


Cout. PARALLEL EQUIVALENT OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) 


Rout. PARALLEL EQUIVALENT OUTPUT RESISTANCE (QHMS) 


f, FREQUENCY (MHz) 


, (AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RE Line | 


100 W(PEP) — 30 MHz 
RF POWER 


TRANSISTOR 


es NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


. .. designed primarily for application as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


e Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 100 W(PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% | 

@ Intermodulation Distortion @ 100 W (PEP) — 
IMD = -30 dB (Min) 


© 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 


2. BASE 
Withstand Current — 10s 3. EMITTER 


Total Device Dissipation @ Tc = 25°C 4. COLLECTOR 
Derate above 25°C 


Storage Temperature Range ial MILLIMETERS | INCHES | 


| A | 24.64 [24.89 | 0.970 | 0.980 
|B | 12.45 [12.95 | 0.490 | 0.510 | 
| 6.63 | 0.209 | 0.261 _| 


| -G_[18.29 [18.54 | 0.720) 0.730] 
THERMAL CHARACTERISTICS 2971 — oat - 


KI 
riba ee 


Thermal Resistance, Junction to Case TN | 3.30] 4.06 | 0.130] 0.160 | 
| a | 287] 3.30 | 0.113 | 0.130 | 


CASE 211-08 


MRF421 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


SS 


_OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage BVcEO | Vde 
(ic = 50 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage BVcES Vde 
(I¢ = 200 mAdc, Vge_ = 0) 
Collector-Base Breakdown Voltage BVcBO Vde 
(Ic = 200 mAdc, !¢ = 0) 
Emitter-Base Breakdown Voltage . BVERO 3.0 Vde 
(te = 10 mAdc, ic = 0) 
Collector Cutoff Current IcES 10 mAdc 
(VcE = 16 Vdc, Vege = 0, Tc = 25°C) 


ON CHARACTERISTICS 


DC Current Gain hee 30 
(I¢ = 5.0 mAdc, Vcg = 5.0 Vdc) . 


DYNAMIC CHARACTERISTICS 


Output Capacitance © 


(Vcp = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Poyt = 100 W, IC (max) = 10 Adc, 
lcqQ = 150 mAdc, f = 30, 30.001 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 100 W, Ic(max) = 10 Adc, 
1cQ = 150 mA, f = 30, 30.001 MHz) 


Intermodulation Distortion (1) 
(VcE = 12.5 Vdc, Poy = 100 Watts, I¢ = 10 Adc, 
icq = 150 mA, f = 30, 30.001 MHz) 


(1) To proposed ElA measurement technique. | 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


L5 
Dalgtetgl 


c6é C7 cs cg c10 1 
“$l4 L2 | a a es 


c4 as 
— RF 
u1 
<@ wy. Output 
R2 C3 L3 . 


C1,C2,C4— 170-780 pF, ARCO 469 R2 — 10 2, 1 Watt Carbon 

és - 80-480 pF, ARCO 466 CR1—  1N4997 =“ 

€5,C7,C10 — ERIE 0.1 uF, 100 V L1— 3 Turns, #16 Wire, 5/16” 1.0., 5/16” Long 

cé — MALLORY 500 LF @ 15 Vv Electrolytic L2 - 12 Turns, #16 Enamated Wire Closewound, 1/4” 1.D. 
cg ~ — 100 HF,15 V Electrolytic L3 — 1 3/4 Turns, 1/8'' Tubing, 3/8" |.0., 3/8" Long | 

cs — 1000 pF, 350 V UNDERWOOD L4—. 10 WH Molded Choke - 

Al= 10 St, 25 Watt Wirewound L5 — 10 Ferrite Beads - FERROXCUBE #56-590-65/3B 
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Gpe, POWER GAIN (dB) 


ic, COLLECTOR CURRENT (AMP) 


Pout, OUTPUT POWER (WATTS PEP) 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 


_ Vee = 12.5 V 
Icq = 150 mA 
TWO TONE TEST: 
f = 30, 30.001 MHz 
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Pin, INPUT POWER (WATTS PEP) 


FIGURE 4 — POWER GAIN versus FREQUENCY 


Vec=12.5V 
Icg = 150 mA 
Pout = 100 W PEP 


2.0 3. 
f, FREQUENCY (MHz) 


FIGURE 6 — DC SAFE OPERATING AREA 


Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Se Ce ee ee ee 
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Pout. QUTPUT POWER {WATTS PEP) 


IMD, INTERMODULATION DISTORTION (dB) 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


IMD = -30 dB 
Icq = 150 mA 
f = 30, 30.001 MHz 
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Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — INTERMODULATION DISTORTION 


versus OUTPUT POWER 


Veco =12.5V 
Ico = 150 mA 
f = 30, 30.001 MHz 


20 40 60 80 100 120 140 
Pout. OUTPUT POWER (WATTS PEP) 


FIGURE 7 ~— SERIES EQUIVALENT IMPEDANCE 


77. leg = 160 mA 
” Pout = 100 W PEP 
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MRF421 


FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 
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Vcc =12.5V 
= 150 mA 
Pout = 100 W PEP 
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MRF432 


MRF 433 
MK433°* 


MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 
12.5 W (PEP) — 30 MHz 


The REF Line 
RF POWER 


SILICON RF POWER TRANSISTORS TRANSISTORS 


; : ae MRF432 — PNP SILICON 
... designed primarily for application as complementary symmetry MRF433 — NPN SILICON 
amplifiers in linear amplifiers from 2.0 to 30 MHz. 


® Specified 12.5 Volt, 30 MHz Characterisitcs — 
Output Power = 12.5 W (PEP) 
Minimum Gain = 20 dB 
Efficiency = 50% 


® Intermodulation Distortion @ 12.5 W (PEP) — 
IMD = -30 dB (Max) 


@ Available as Matched Pairs for Complementary Symmetry 
Amplifier Applications 


“For Matched Pairs Order MK 433 


MATCHING PROCEDURE 


In the push-pull circuit configuration two device parameters are critical for 
optimum circuit performance. These parameters are VgE(on) and hre. Both 
parameters can be guaranteed by measuring Icq of the devices and selecting 
pairs with a 41cq < 10 mAdc. 

Actual icq matching is performed in the test circuit with a VcE equal to 
12.5 Volts. The base bias supply is adjusted to set Icq equal to 40 mAdc using 
a reference standard transistor. The Icq of all production MRF432/MRF433 
transistors is measured using this base bias supply setting. The production 
transistors are tested and categorized in ranges of 10 mAdc. Finally, the de- 
vices are stocked as pairs with a guaranteed 4Icqg < 10 mAdc. 


T ear Cano 
\ SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 


2. BASE 


MAXIMUM RATINGS 4 eoLeeeTaR 


Collector-Emitter Voltage 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


CASE 211-07 
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MRF432 @ MRF433 @ MK433 


ELECTRICAL CHARACTERISTICS (T, 


= 25°C unless otherwise noted.) 


Collector-Emitter Satdoun Voltage 
(tc = 10 mAdc, Vgg = 0) 
Emitter-Base Breakdown Voltage 
{Ie = 2.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 15 Vde, Vege = 0, Tc = 55°C) 
Collector Cutoff Current ) 
(Veg = 15 Vdc, Ie = 0) 


‘ON CHARACTERISTICS 


DC Current Gain hee 15 
(I¢ = 0.5 mAdc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain{?) 
(Voc = 12.5 Vde, Poy, = 12.5 W (PEP), 
lca = 100 mAdc, f = 30,30.001 MHz) 
Collector Efficiency 
(Voc = 12.5 Vde, Poy: = 12.5 W (PEP) 
(f = 30,30.001 MHz) 
Intermodulation Distortion 
(Voc = 12.5 Vde, Poy: = 12.5 W (PEP), 
Icq = 100 mAdc, f = 30, 30.001 MHz) 
Series Equivatent !nput Impedance 2.50-j2.20 
(Voc = 12.5 Vde, Pout = 12.5 W (PEP), 
IcQ = 100 mAdc, f = 30,30.001 MHz) 
Series Equivalent Output Impedance 4 80-j3.00 
(Vcc = 12.5 Vde, Pout = 12.5 W (PEP), 
IcQ = 100 mAdc, f = 30, 30.001 MHz) 


(1) Class AB 


.(2) Class A 
FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


For PNP test circuit, reverse all polarities. 


RF 
Output 


C1,C2,C4 170—780 pF, ARCO 469 R2 10 82, 5 Watt: 10 BH Molded Choke 

C3 25~—280 pF, ARCO 464 R3,R4 1 k$£2, 1/4 Watt 15 Turns, #24 AWG Enamaled Wire, 
C5,C6 500 uF,3 V, ELECTROLYTIC R5,R6 10 k$2, 1/4 Watt Closewound on a 100 82, 1 Watt 
C7,C9 0.1 UF, Disc Ceramic CR1,CR2 1N4001 Carbon Resistor. 

c8 1000 pF Disc Ceramic L1 3 Turns, #18 AWG, 1/4’ 1.0.,3/16" Long L5 FERROXCUBE VK200 — 20/48 
C10,C11 100uF,15 V,ELECTROLYTIC L2 3 Turns, #16 AWG, 3/8" 1.D.,.1/4’' Long 

R1 10 82, 1/2 Watt , 


(AA) MOTOROLA Semiconductor Products Inc. 
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MRF454 
MRF454A 


MOTOROLA 


Semiconductors 


BOX 20912424 PHOENIX, ARIZONA 85036 


The RF Line ee 


RF POWER 
TRANSISTORS 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


. . . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 80 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


ve ae 7 


\ SEATING PLANE 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case RgJc 0.7 


LS | 3.84 | 4.50 | 0.177 
Pu] 2.49 J 3.35 | 0.098 | 0.132 | 


MRF454A4 
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MRF454 e MRF454A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


(_eharacterisic——SSSSSC~*dCSSS boi [Min [typ Max [Un 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage i ae oe oe ee 
(1¢ = 100 mAdc, Ip = 0) | 
Gira i el le Hl 
(I¢ = 50 mAdc, Vee = 0) 
| Emitter-Base Breakdown Voltage Rae Ce oe 
(Ie = 10 mAdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 5.0 Adc, Veg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 15 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 80 W, f = 30 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 


Series Equivalent Input Impedance 
(Vcc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 


Series Equivalent Output Impedance 1.16—j.201 
(Vcc = 12.5 Vde, Poyt = 80 W, f = 30 MHz) eae 
Parallel Equivalent Input Impedance 4.06 2 
(Vcc = 12.5 Vdc, Poyt = 80 W, f = 30 MHz) 1817 pF 
’ Parallel Equivalent Output Impedance 
(Voc = 12.5 Vde, Poyt = 80 W, f = 30 MHz) 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


RF 
Input 


Cc1,C2,C4 ARCO 469 1 3 Turns, #18 AWG, 5/16" 1.D., 5/16" Long 
c3 ARCO 466 L2 VK200 — 20/48, FERROXCUBE 
C5 1000 pF, UNELCO L3 12 Turns, #18 AWG Enameled Wire, 1/4" 1.0., 
C6,C7 0.1 uF Disk Ceramic Close Wound 
C8 1000 wF/15 V Electrolytic L4 3 Turns 1/8’'O.0. Copper Tubing, 3/8" |.D., 
R1 10 Ohm/1 Watt, Carbon 3/4" Lang 


LS 7 FERRITE Beads, FERROXCUBE #56-590-65/3B 


FIGURE 2 — OUTPUT POWER versus FIGURE 3 — OUTPUT POWER versus 
INPUT POWER SUPPLY VOLTAGE 
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MOTOROLA 
Semiconductors 


BOX 20912 «PHOENIX. ARIZONA 85036 


MRF460 


The REF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for applications as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


© Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 40 W (PEP) 
Minimum Gain = 12 dB 
Efficiency = 40% 


® Intermodulation Distortion at Rated Power Output — 
IMD = -30 dB (Max) 


® lIsothermal-Resistor Design Results in Rugged Device 


® Replacement for 2N6368 


MAXIMUM RATINGS 


a 
[coreciorsiceVoige ——SSSS~*d cn | 0 
[EmitecGose Voroge ———~SSSS*dt Cp) | 8 
Collector Current -- Continuous ee ee 
1.0 


Total Device Dissipation @ Tc = 25°C 175 Watts 
w/°c 


Derate above 25°C 


Storage Temperature Range 


2-20 


40 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


SEATING PLANE 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 
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CASE 211-11 


MRF460 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | | BVCEO | Vde . 
(t¢ = 100 mAdc, |g = 0) 20 
Collector-Emitter Breakdown Voltage | BVCES Vde | 
(1¢ = 100 mAdc, Vege = 0) 40 _ 
Emitter-Base Breakdown Voltage 7 BVEgBO Vde 
(te = 5.0 mAdc, !¢ = 0) 
Coitector Cutoff Current ) ICES mAdc 
(VcE = 12.5 Vde, Vge = 0, Tc = +55°C) 10 
ON CHARACTERISTICS 


DC Current Gain HEE 
(Ic = 1.0 Adc, Vcg = 5.0 Vac} 20 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 12.5 Vac, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 40 W (PEP), Ic = 4.7 Ade Max, Vcc = 12.5 Vde, 
ICQ = 50 mAde, fy = 30 MHz, fo = 30.001 MHz) 


intermodulation Distortion Ratio (Figure 1) 
(Pout = 40 W (PEP), Ic = 4.7 Ade Max, Vcc = 12.5 Vde, 


ICQ = 50 mAdc, fy = 30 MHz, fz = 30.001 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 40 W (PEP), Ico = 4.7 Adc Max, Voc = 12.5 Vde, 
icq = 50 mAdc, fy = 30 MHz, fo = 30.001 MHz) 


*!ndicates JEDEC Registered Data. 


FIGURE 1 — 30 MHz TEST CIRCUIT 


VBB 
L5 
Vcc 
+ 
1N4719 C5 C6 C7 C8 
<o PT 
= Aa 
: o> RF 
LI (\- we, OUTPUT 
RF co; wl ay I : 
inpuT 7 Ae \ Rey ¢3 3 
| | 
= en l C1 80-480 pF ARCO 466 
| C2,C3,C4 170-780 pF ARCO 469 
| | C5.C8 0.01 pF 
| R1 | C6 500 uF 
| C7 1000 pF UNELCO 
LL 7 L1 2.1/4 Turns #18 AWG, 1/4” 1.0., 1/4” Long (35 nH) 
ia haa L2 7 Turns, #20 AWG Enameled, Close Wound, 1/4’’ 1.0., (0.2 wH) 
= L3 3 Turns, #14 AWG, 1/4" 1.D., 1/4’ Long (45 nH) 


L4 10 mH RFC 
L5-RF Choke Ferroxcube VK200-20-4B 
R110 Ohms, Wirewound, 7 W (0.25 wH Inductance) 


(AA) MOTOROLA Semiconductor Products inc. 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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Pin, INPUT POWER (WATTS) 


FIGURE 4 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 


Ing. INTERMODULATION DISTORTION (dB) 
1 t ' 4 i j 


Pout: OUTPUT POWER (WATTS PEP) 


FIGURE 6 — OUTPUT RESISTANCE 
versus FREQUENCY 
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Rout. PARALLEL EQUIVALENT OUTPUT 
RESISTANCE (OHMS). 


f, FREQUENCY (MHz) 


Cour, PARALLEL EQUIVALENT OUTPUT 


FIGURE 3 — POWER GAIN versus FREQUENCY 


Gpg, POWER GAIN (dB) 


Icg = 40 mA 
Pour = 40W PEP 
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FIGURE 5 — OUTPUT POWER versus 
SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS PEP) 


Voc, SUPPLY VOLTAGE (VGLTS) 


FIGURE 7 — OUTPUT CAPACITANCE 
versus FREQUENCY 


Veco = 12.5 V 
cg =40mA 
Pout = 40 W PEP 


f, FREQUENCY (MHz) 
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MRF460 


FIGURE 8 — DC SAFE OPERATING AREA 
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Ic, COLLECTOR CURRENT (AMP) 


0 2.0 4.0 6.0 8.0 10 12 14 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MATCHING PROCEDURE 


In the push-pull circuit configuration two device parameters | 
| are critical for optimum circuit performance. These parameters ‘ 

are VgE(on) and hfe. Both parameters can be guaranteed by 
| measuring icq of the devices and selecting pairs with a Alca < 10 | 
mAdc. 

Actual Icq matching is performed in the MRF460 test circuit 
with a VcE equal. to 28 Volts. The base bias supply is adjusted to 
set ICQ equal to 40 mAdc using a reference standard MRF 460. 
The production MRF460s are tested and categorized in ranges 
of 10 mAdc. Finally, the devices are stocked as pairs with a guar- 
anteed Alcq < 10 mAdc. 


FIGURE 9 — SERIES EQUIVALENT IMPEDANCE 


Load : 
3 REFLECTION COEFFICIENT 


O 
nee 


APPLICATIONS INFORMATION 


The MRF460 transistor is designed for linear power amplifier 
operation in the HF region (2 to 30 MHz). It features guaranteed 
linear amplifier performance rather than the conventional perform- 
ance demonstrated in a class C* amplifier. 

Class C operation is inherently non-linear, but in many power 
amplifier applications non-linear operation does not present major 
problems. With a single frequency driving signal, the only spurious 
signals generated are harmonics and these can be supressed in the 
amplifier tuned networks and output filter. 

For single sideband (SSB), low level amplitude modulation (AM), 
and other types of complex signals, class C operation is generally 
not satisfactory. For instance, when a signal contains multiple 
frequencies at close spacings, odd-order non-linearities will gener- 
ate spurious Outputs which are within the passband of the tuned 
circuits and filters; therefore, the spurious outputs are not sup- 
pressed before they reach the antenna or other load. Asa result, 


"Class C'', as used here refers to operation with the no signal con- 
ditions !¢ = 0, and Vpe = 0, and a theoretical conduction angle 
of less than 180°, even though the actual conduction angle may 
be more than 180°. 


such complex signals require linear amplification if the amplified 
signal is to be free of spurious outputs. 

A detailed analysis of spurious signals generated by non-linear- 
ities and linearity requirements of various applications is described 
in Chapter 12 of Reference 1. 

The following discussion concerns itself with a detailed descrip- 
tion of the MRF460 characterization curves and general informa- 
tion on solid-state linear power amplifier design. 


The Two-Tone Test 


The MRF460 functional test specifications consist of a linear 
power amplifier test with guaranteed limits on power output, gain, 
efficiency, and intermodulation distortion (IMD) output levels. A 
two-tone test signal is used with the test amplifier as shown in 
Figure 1. 

The two-tone test is one of many methods commonly used for 
testing linear amplifier performance. This test involves driving the 
amplifier with two RF signals, of equal amplitude, separated in 
frequency from each other by approximately 1 kHz. 


MOTOROLA Semiconductor Products Inc. 
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MRF460 


APPLICATIONS INFORMATION (continued) 


When a two-tone test signal consisting of frequencies fy and fo 
is passed through a non-linear amplifier, odd order non-linearities 
generate spurious signals near the desired carrier. The tevel of these 
spurious signals provides a measure of the degree of non-linearity 
of the amplifier. This type of non-linearity is called intermodulation 
distortion (IMD). The spurious signals generated by IMD are fur- 
ther classified according to the exponential order of the amplifier 
non-linearity, i.e., 3rd order IMD products, 5th order [MD products, 
etc. The 3rd and 5th order IMD products are usually the most 
significant encountered with linear power amplifiers. Data on both 
3rd and Sth order IMD are included in the MRF460 characteri- 
zation. 

Third order IMD generates spurious signals near the operating 
frequency at frequencies 2f4 — fo and 2f9 — f4; and 5th order IMD 
spurious are at frequencies 3f4 — 2f2 and 3fp — 2f}7. 


Specifications and Characterization 


The two-tone functional amplifier test is performed in a manner 
identical to the conventional class C functional test with two excep- 
tions: a two-frequency signal is used in place of a single frequency, 
and amplifier linearity is added to the items tested and specified. 

The functional test procedure for the MRF460 requires driving 
the test amplifier with a two-frequency signal and measuring power 
output, gain, efficiency, and linearity. 

Power output, gain and efficiency measurement methods are 
the same for both tinear and class C amplifier. 

Since a multiple frequency test signal has an instantaneous 
power level which. varies with time, power levels are normally ex- 
pressed in peak envelope power (PEP). This is the average power 
level of the envelope at its greatest amplitude point. 

When the test signal consists of multiple signals with equal 
amplitudes and different frequencies, the relationship of average 
power and PEP is given by the following expression: 


PEP 
. Average power = ai 


where N = the number of input frequencies. 

Therefore, when measuring the power level of a standard two- 
tone test signal, a true average reading power meter will indicate 
1/2 the PEP of the signal. 

Linearity is tested by measuring the amplitudes of the 3rd and 
5th order IMD products. The ratio of one of the 3rd order products 
to one of the two desired frequencies is then expressed as a power 
ratio in decibels (dB). This is repeated for the Sth order products. 
The smaller of these two ratios (usually the 3rd order) is then 
included in the electrical characteristics specifications as intermod- 
ulation distortion ratio ({MD). 


MRF460 Performance Curves 

Figures 2 and 3 show typical power output and gain charac- 
teristics versus frequency and/or input power. These curves are 
similar to those found on other RF power transistor data sheets 
with one exception, a two-frequency test signal was used rather 
than a single frequency signal. 

The curves shown in Figure 4 are unique to transistors charac- 
terized for linear power amplifier service and show the typical 
IMD levels versus power output. 

The MRF460 features guaranteed IMD performance at the -30 
GB level. However, the designer may desire {MD greater or less 
than -30 dB for a particular application. Figure 4 provides data 
on IMD levels that can be expected asa function of output power. 


REFERENCES 


Figure 5 reflects the power output that can be obtained at a 
fixed IMD ratio for operation with dc supply voltages other than 
12.5 Vdc. , 

Figures 6 and 7 show the large signal impedance character- 
istics of the MRF460. These are similar to curves shown on 
other Motorola data sheets except a two-frequency test signal was 
used rather than a single frequency signal. 


It must be stressed that the data shown in Figures 6 and 7 
do not represent y, z, h, s, or any standard two-port parameter set. 
The actual transistor impedance levels during normal operation in 
a power amplifier are given. For a detailed discussion of RF power 
transistor large signal impedance, see Reference 2. 


Linear Amplifier Design 

The following is a discussion of some general design considera- 
tions for solid-state linear power amplifiers. While this is not a 
detailed analysis of linear amplifier design, some general guidelines 
are provided. 

The major difference between linear power amplifiers and class 
C power amplifiers is in the dc bias circuitry. As stated in the 
introduction, class C operation usually involves acollector dc supply 
as the only bias voltage with Ve = Vg = 0. The collector current 
is zero until the input RF signal turns the transistor ‘’on.”’ 

In contrast, alinear amplifier is normally operated with forward 
bias and some collector current flowing when no signal is present. 

The magnitude of no-signal colfector current and the bias cir- 
cuitry may vary with the application. Optimum no-signal collector 
current for the MRF460 was found to be approximately 50 mA. 

The key to bias circuitry for good linearity lies in maintaining 
the base-emitter dc voltage relatively constant as the RF signal 
amplitude varies. The inherent nature of a forward-biased RF 
power transistor is to bias itseif ‘‘off'’ with increasing RF drive 
signal. Therefore, a constant voltage source is required for base 
voltage. 


Temperature effects also complicate the situation, since VBE 
decreases with increasing temperature. 

A simple solution to the bias problem involves the use of a 
forward-biased diode mounted on the transistor heat sink for ther- 
mal coupling to the transistor. A sample of this technique is shown 
in the test circuit of Figure 1. The reader is referred to reference 
3 for.a detailed description of the operation of this bias circuit. 
It is also possible to use complex active circuitry for biasing, and 
some rather exotic schemes have been developed. to provide the 
same results. 


Another important consideration is the collector-output net- 
work. Normally, a network with low impedance to ground for 
harmonics provides better linearity than a network with high har- 
monic impedances; therefore, some experimentation with network 
configuration is in order. Proper impedance matching remains the 
primary factor in both input and output network design. Further, 
it must also be stressed that the collector load impedance should 
be designed for the PEP, not the average power output. See Chapter 
13 of Reference 1 for a detailed discussion of network design con- 
siderations, 

Feedback may also be employed to improve linearity and may 
take the form of either neutralization or negative RF feedback. 
The possibilities here are limited only by the designer's imagina- 
tion. Of course, negative RF feedback involves a decrease in gain 
to improve linearity. 


1. Pappenfus, Bruene, Schoenike, ‘‘Single Sideband Principles and 


Circuits’, McGraw-Hill. 


2. Hejhall, “‘Systemizing RF Power Amplifier Design’’, Motorola 
Semiconductor Products Inc., Application Note AN-282A. 
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140W (PEP) Amateur Radio Linear Amplifier 2-30MHz 


Prepared by: 
Tom Bishop 
RF Circuits Engineering 


Qt €2  . 03 
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The popularity of 2-30 MHz, SSB, Solid State, linear 
amplifiers is increasing in the amateur market. This EB 
describes an inexpensive, easy to construct amplifier and 
some pertinent performance information. The amplifier 
uses two MRF454 devices. These transistors are specified 
at 80 Watts power output with 5 Watts of input drive, 


30 MHz, and 12.5 Vdc. The MRF454 is used because it 
is a readily available device and has the high saturation 
power and ruggedness desired for this application. This 
device is not characterized for SSB. However, IMD specs 
for the amplifier are shown in Figures 2 and 3. 


THE AMPLIFIER NOTE: Similarly assembled transformers can be pur- 
chased from: 
The performance of the amplifier can be seen in figures 


Communications Power, Inc. M-RED — C&L 
ae Soe oe 6, ij 8. The Sait Caines mA 2407 Charleston Road 1475 Oakdale 
on each device. This amount of bias was needed to pre- Mountain View, CA 94043 Pasadena, CA 91106. 


vent “‘cross over” at the higher output powers during 
SSB operation. The amplifier operates across the 2-30 
MHz band with relatively flat gain response and reaches 
gain saturation at approximately 210 Watts of output 
power. Figure 5 depicts the amplitude modulated wave- 
form with respect to a 100-Watt carrier. Figure 6 depicts 
the increased amplitude modulation at 50-Watt carrier. 
In both cases the peak output power is equal to approxi- 
mately 210 Watts due to the saturation of the MRF454. 
The 50-Watt carrier is thus recommended in any ampli- 
tude modulated applications. 


(415) 965-2623 


Pout. Power Output, Watts (PEP) 


The bias diode D2 has been mounted in the heatsink for 
temperature tracking. The cathode is pressed into the 


heatsink and the anode extends through the circuit 3 
board. (See figure 9.) Both input and output trans- Rinse eR eS BE 
formers are 4:1 turns ratio (16:1 impedance ratio) to FIGURE 1—Pout VS. Pin, 30 MHz, 13.6 Vde 


achieve low input SWR across the specified band and a 
high saturation capability. T1* is made from FairRite 
Products, ferrite beads, material #77, .375” O.D. x 
.187/.200” I.D. x .44L”. T2* is made from Stackpole 
Co. ferrite sleeves #57-0503-7D. 


When using this design, it is important to interconnect 
the ground plane on the bottom of the board to the top; 
especially at the emitters of the MRF454s. Eyelets were 
used in this design, which are easier to apply, but #18 
AWG wire can be used. On the photomask, (see figure 
10) “:” signifies where the ground plane has been inter- 
connected. The letter ““O”’ designates where the 4-40 Pout, Power Output, (Watts PEP) 

screws are installed to fasten the board to the heatsink. FIGURE 2—Intermodulation Distortion Versus 
6-32 nuts are used as spacers on the 4-40 screws between Pout,30 MHz, 13.6 Vdc 

the board and the heatsink to keep the board from 


IMD, Intermodulation Distortion, (dB) 


touching the heatsink i 
MSS che ee oe ee 
ee ARS 
& -30 

eects , re | : Coe 2 ee 
This amplifier was designed for simplicity. The design 3 ee ee 
goal was to allow repeatability of assembly and reduce 2 ee ee ee ee 
the number of components used. The amplifier will ac- . bee eS ibeH pice, welt en =| 
cept Single Side Band or Amplitude Modulation without Sst Sa ae 
external switching. A carrier operated relay circuit is on ae i beh. k, Diese 
the same layout to make this an easy amplifier to add on | ie ee 
to any suitable radio with an RF output of 1.0-5.0 152 a eek Oe Sean ee aee 
Watts. All components used are readily available at most Frequency (MHz) 
distributors and are relatively inexpensive. FIGURE 3—IMD vs. Frequency, P..,4 = 140 Watt PEP, 13.6 Vde 


*Retf: Application Notes 


AN749 BroadBand Transformers and Power Combining Techniques for RF — H. Granberg 
AN762 Linear Amplifiers for Mobile Operation — H. Granberg 
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C1 33 pF Dipped Mica 100 Q 1/4 W Resistor 
C2 18 pF Dipped Mica 9 Ferroxcube Beads on #18 AWG Wire 
C3 10 pF 35 Vdc for AM operation, 1N4001 

« 100 pF 35 Vdc for SSB operation. 1N4997 
C4 -1 uF Erie 1N914 
C5 10 uF 35 Vdc Electrolytic | = 2N4401 
C6 1 pF Tantalum MRF454 
C7? .001 uF Erie Disc 16:1 Transformers 
C8, 9 330 pF Dipped Mica 910 pF Dipped Mica 
R1 100 k{Q2 1/4 W Resistor 1100 pF Dipped Mica 
R2,3 10 kQ 1/4 W Resistor 24 pF Dipped Mica 
R4 33 $2 5 W Wire Wound Resistor = 500 uF 3 Vdc Electrolytic 
R5,6 =102 1/2 W Resistor | Potter & Brumfield 

KT11A 12 Vde Relay or Equivalent 


FIGURE 4—Schematic Diagram 
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Amplitude Modulated Waveform with 
Superimposed Carrier. Carrier Condi- 
tions: f = 30 MHz; Pj, = 2.2 Watts; 
Pout = 100 Watts (carrier); Vcc = 
13.6 Vde 
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FIGURE 5 
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Amplitude Modulated Waveform with 
Superimposed Carrier. Carrier Condi- 
: Sg & : Bg, ee tions: f = 30 MHz; Pjn = 1.3 Watt; 
es oe amas cee ee Pout = 50 Watts; Vcc = 13.6 Vde 


FIGURE 6 
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Frequency Spectrum, 30 MHz (F(g), 2nd, 3rd, and 
5th harmonics are visible). Vertical resolution: 
#10 dB/div. Horizontal 2OMH2z/div. 


FIGURE 7 


INTERMODULATION DISTORTION, 30, 30.001 
MHz (3rd, 5th, 7th, 9th) order distortion products 
are visible. Vertical resolution: 10 dB/div. Horizontal: 
1KH2/div. 


FIGURE 8 


4-40 Screw Anode Lead of -IN4997 


6-32 Nut Spacer 


1N4997 


FIGURE 9 — Mounting Detail of IN4997 and 6-32 Nut (Spacer) 


? -29 


FIGURE 10—Photomaster (Positive) 


Note: The use of this amplifier is illegal for Class D Citizen Band service. 


AA MOTOROLA Semiconductor Products Inc. 
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LINEAR AMPLIFIERS FOR MOBILE OPERATIONS 


Prepared by: 
Helge Granberg 


INTRODUCTION 


The three versions of the amplifier described here are 
intended mainly for amateur radio applications, but 
are suitable for other applications such as marine radio 
with slight modifications. 

100 W is obtained with. two MRF453’s. (A similar 
device is available as HEP S3037.) MRF460 is also 
adaptable to this design, resulting in approximately 1.0 
to 1.5 dB higher overall power gain than the values shown. 
The MRF454 devices which can be directly substituted 
with MRF465’s for slightly lower IMD, deliver the 140 W, 
and two MRF421 devices are used in the 180 W version. 

The use of chip capacitors results in good repeatability, 
making the overall design suitable for mass production. 

There are several precautions and design hints to be 
taken into consideration regarding transistor amplifiers: 


1. Eliminate circuit oscillation. Oscillations may cause 
overdissipation of the device or exceed the break- 
down voltages. 

2. Limit the power supply current to prevent excessive 
dissipation. 

3. Adopt protective circuitry, such as fast acting ALC. 

. Ensure proper attachment of the device to a heat- 

sink using Silicone grease (such as Corning 340 or 
GC Electronics 8101) to fill all thermal gaps. 


THE TRANSISTORS 


The MRF421 with a specified power output of 100 W 
PEP or CW is the largest of the three RF devices. 
The maximum dissipation limit is 290 Watts, which means 
that the continuous collector current could go as high 
as 21.3 A at 13.6 V operated into any load. The data 
sheet specifies 20 A; this is actually limited by the current 
carrying capability of the internal bonding wires. The 
values given are valid at a 25°C mount temperature. 

The minimum recommended collector idling current 
in Class AB is 150 mA. This can be exceeded at the 
expense of collector efficiency, or the device can be 
operated in Class A at an idling current of approximately 
one fourth the maximum specified collector current. This 
rule of thumb applies to most RF power transistors, 
although not specified for Class A operation. 


The MRF454 is specified for a power output of 70 W 
CW. Although the data sheet does not give broadband 
performance or IMD figures, typical distortion products 
are ~ ~31 to -33 dB below one of the two test tones 
(7) with a 13.6 V supply. This device has the highest 
figure of merit (ratio of emitter periphery and base area), 
which correlates with the highest power gain. 

The maximum dissipation is 180 Watts, and the maxi- 
mum continuous collector current is 15 A. The minimum 
recommended collector idling current is 100 mA, and like 
the MRF421, can be operated in Class A. 

The MRF453 has the lowest figure of merit, but due 
to the lower power specification, its gain exceeds that of 
the MRF421. This power gain is caused by the lower cur- 
rents incorporated within the transistor package, and 
reduced circuit construction difficulties for low voltage 
operation. . 

At a power level of 180 Watts and 13.6’V, the peak 
currents approach 30 A, and every 100 mV lost in the 
emitter grounding or collector dc feed have a significant 
effect in the peak power capability. The minimum collector 
idling current for the MRF453 is recommended as 40 mA 
for Class AB, but can be operated at 3 A for Class A. 

It should be noted that the data sheet figures for power 
gain and linearity are lowered when the device is used 
in multi-octave broadband circuit. Normally the device 
input and output impedances vary by at least a factor of 
three from 1.6 to 30 MHz. Therefore, when impedance 
correction networks are employed, some of the power 
gain and linearity must be sacrificed. 

The input correction network can be designed with 
RC or RLC combinations to give better than 1 dB gain 
flatness across the band with low input VSWR. In a low- 
voltage system, little can be done about the output 
without reducing the maximum available voltage swing. 


THE BASIC CIRCUIT 


- Figure 1 shows the basic circuit of the linear amplifier. 
For different power levels and devices, the impedance 
ratios of T1 and T3 will be different and the values of 
R1, R2, R3, R4, R5, Cl, C2, C3, C4 and Cé6 will have to 
be changed. 


FIGURE 1 — Basic Circuit of Linear Amplifier 


The Bias Voltage Source 


The bias voltage source uses active components 
(MC1723G and Q3) rather than the clamping diode system 
as seen in some designs. The advantages are line voltage 
regulation capability, low stand-by current, (21.0 mA) and 
wide range of voltage adjustability. With the component 
values shown, the bias voltage is adjustable from 0.5 to 
0.9 Volts, which is sufficient from Class B to Class A oper- 
ating conditions. 

In Class B the bias voltage is equal to the transistor 
VBE, and there is no collector idling current present 
(except small collector-emitter leakage, ICES), and the 
conduction angle is 180°. 
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In Class A the bias is adjusted for a collector idling 
current of approximately one-half of the peak current in 
actual operating conditions, and the conduction angle 
is 360°. 

In Class AB, (common for SSB amplifiers) the bias is 
Set for a low collector quiescent current, and the con- 
duction angle is usually somewhat higher than 180°. 

The required base bias current can be approximated as: 


Ic , 
hFE 
where: 


Ic = Collector current, assuming an efficiency of 50% 


— Pout _ 360 _ 
and Poyt of 180 W is! Voc 736 26.47 A. 
hFE = Transistor de beta (typical 30, from data sheet) 
Bias current = oat =0.88 A 


R12 shares the dissipation with Q3, and its value must 
be such that the collector voltage never drops below 
approximately 2.0 V (e.g. SS = 13.2 &). The 
MRF421 devices used for this design had hFE values on 
the high side (45), and R12 was calculated as 202, which 
is also sufficient for the lower power versions. 

R5 determines the current limiting characteristics 


of the MC1723, and 0.5 2 will set the limiting point 


to 1.35 A, + 10%. 
For SSB operation, excluding two-tone testing, the 


the circuit board. 

The measured output voltage variations of the bias 
source from zero to 1.0 A were + 8-12 mV resulting 
in a source impedance of * 30 m2. 


The Input Frequency Correction Network 


The input correction network consists of R1, R2, C2 
and C3. With the combination of the negative feedback 
derived from L5 through R3 and R4 (Figure 1), it forms 
an attenuator with frequency selective characteristics. At 
30 MHz the input power loss is 1-2 dB, increasing to 
10-12 dB at 1.6 MHz. This compensates the gain variations 
of the RF transistors over the 1.6 to 30 MHz band, result- 
ing in an overall gain flatness of approximately +1.0 to 
£1,5 dB. | 

Normally an input VSWR of 2.0:1 or lower (Figure 8) 
is possible with this type of input network (considered 
sufficient for most applications). More sophisticated 


FIGURE 2 ~— Photegraph of 180 W Version of the Linear Amplifier 


duty cycle is low, and the energy charged in Cll can 
supply higher peak bias currents than required for 
180\W PEP. © 

It is possible to operate the basic regulator circuit, 
MC1723, at lower output voltages than specified, with 
modified component values, at a cost of reduced line 
and output voltage regulation tolerances which are still 
more than adequate for this application. Temperature 
sensing diode D1 is added for bias tracking with the RF 
power transistors. The base-emitter junction of a 2N5190 
or similar device can be used for this purpose. The tem- 
perature tracking within 15% to 60°C is achieved, even 
though the die processing is quite different from that 
of the RF transistors. The physical dimensions of Case 77 
(2N5190) permits its use for the center stand-off of 


LRC networks will yield slightly better VSWR figures, 
but are more complex and sometimes require individual 
adjustments. 

Additional information on designing and optimizing 
these networks can be found in reference(2). 


The Broadband Transformers 


The input transformer T1 and the output transformer 
T3 are of the same basic type, with the low impedance 
winding consisting of two pieces of metal tubing, elec- 
trically shorted in one end and the opposite ends being 
the connections of this winding (Figure 3A). The multi- 
turn high impedance winding is threaded through the 
tubing so that the low and high impedance winding 
connections are in opposite ends of the transformer. 


A. 


B. 


FIGURE 3 — Two Variations of the Input and Output Transformers (T1 and T3) 


The physical configuration can be implemented in 
various manners. A simplified design can be seen in 
Figure 3B. Here the metal tubing is substituted with 
copper braid, obtained from any co-axial cable of the 
proper diameter (4). The coupling coefficient between 
the primary and secondary windings is determined by the 
length-to-diameter ratio of the metal tubing or braid, 
and the gauge and insulation thickness of the wire used 
for the high impedance winding. For high impedance 
ratios (36:1 and higher), miniature co-axial cable where 
only the braid is used, leaving the inner conductor dis- 
connected gives the best results. The high coefficient 
of coupling is important only at the high-frequency 
end of the band, e.g. 20 to 30 MHz. Additional informa- 
tion on these transformers can be found in reference (5). 

Both transformers are loaded with ferrite material to 
provide sufficient low-frequency response. The minimum 
required inductance in the one turn winding can be 
calculated as: 


R 


L= oF 


where L = Inductance in uwH - 

R = Base-to-Base or Collector-to- 
Collector Impedance 

f = Lowest Frequency in MHz 


For example, in the 180 Watt version the input trans- 
former is of 16:1 impedance ratio, making the secondary 
impedance 3.13 Q with a 50 Q interface. 
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3.13 


Th ES oe eG 


= 0.31 uH 


For the output transformer having a 25:1 impedance 


Z 


638x166 0-20 mH. 


ratio toa 50 Q interface, L= 

It should be noted that in the lower. power versions, 
where the input and output impedances are higher and 
the transformers have lower impedance ratios, the required 
minimum inductances are also higher. 

T2, the collector choke supplying the dc to each 
collector, also provides an artificial center tap for T3. 
This combination functions as a real center tapped trans- 
former with even harmonic cancellation. T2 provides 
a convenient low impedance source for the negative 
feedback voltage, which is derived from a Separate one 
turn winding. © 

T3 alone does not have a true ac center tap, as there is 
virtually no magnetic coupling between its two halves. 
If the collector de feed is done through point E (Figure 1) 
without T2, the IMD or power gain is not affected, but 
the even harmonic suppression may be reduced by as much 
as 10 dB at the lower frequencies. 

The characteristic impedance of ac and bd (T2) should 
equal the collector-to-collector impedance but is not 
critical, and for physical convenience a bifilar winding 
is recommended. 

The center tap of T2 is actually be (Figure 1), but 
for stabilization purposes, b and c are separated by RF 
chokes by-passed individually by C8 and C9. 


TABLE 1 — Parts List 


51 pF 

5600 pF 

680 pF 
1620 pF (2 x 470 pF 
chips + 680 pF dipped 
mica in parailel) 
0.68 WF 
100 nF/20 V 
electrolytic 
500 wF/3 V 
electrolytic 
1000 pF disc ceramic 
2x 3.9 Q/% W in paraltel 
2x 4.7 91/% W in paraliel 
1.00/AW 
1.0 kQ/%W 
18 kQ/AW 
8.2 k2/AW 
1.0 kQ trimpot 
150 2/% W 
1.0 k82Z/% WwW 
20 22/5 W 


51 pF- 

5600 pF 

390 pF 

680 pF 

1760 pF (2 x 470 pF 
chips + 820 pF dipped 
mica in parallel) 
0.68 UF 

100 WF/20 V 
electrolytic 
500 LF/3 V 
electrolytic 
1000 pF disc ceramic 
2 x 3.6 21/% W in parallel 
2x 5.6 S91/% W In parallel 
0.5 2/%W 
1.0 k2/% W 
18 kQ/AW 

8.2 k2/% W 

1.0 kQ trimpot 
150 Q/AW 
1.0 k{flL/%~W 
20 2/5 WwW 


Ferroxcube VK200 19/4B ferrite choke 


140 W AMPLIFIER 180 W AMPLIFIER 


82 pF 

6800 pF 

1000 pF 

680 pF 
1940 pF (2 x 470 pF 
chips + 1000 pF dipped 
mica in parallel) 
0.68 uF 

100 wF/20 V 
electrolytic 
500 wF/3 V 
electrolytic 
1000 pF disc ceramic 
2 x 3.3 2/% W inparallel 
2x 3.9 21/% W inparaliel 
0.5 2/% WwW 
1.0 kQ/K%W 
18 kKQ/AW 
B.2k2/AW 
1.0 kQ trimpot 


- 750 2/AW 
- 1.0 k2/%W 


20 2/5 W 


Two Fair-Rite Products ferrite beads 2673021801 or equivalent on AWG #16 wire each, 
1 separate turn through torold of T2. 


9:1 (3:1 turns ratio) 


9:1 (3:1 turns ratio) 


16:1 (4:1 turns ratio) 


Ferrite core: Stackpole 57-1845-24B8, Fair-Rite Products 2873000201 or two Fair-Rite 
Products 0.375’’ OD x 0.200” ID x 0.400’, Material 77 beads for type A (Figure 3) 


transformer. See text. 


6 turns of AWG #18 enameled, bifilar wire 
Ferrite core: Stackpole 57-9322, Indiana General F627-8 Q1 or equivalent, 


16:1 (4:1 turns ratio) 


16:1 (4:1 turns ratio) 


25:1 (5:1 turns ratio) 


Ferrite core: 2 Stackpole 57-3238 ferrite sleeves (7D material) or number of toroids 
with similar magnetic characteristics and 0.175” sq. total cross sectional area. See text. 
All capacitors except C12, part of CS and the electroly tics are ceramic chips. 

Values over 82 pF are Union Carbide type 1225 or Varadyne size 14. 

Others are type 1813 or size 18 respectively. 


MRF453 


c. 
Dotted line in performance 
data. 


GENERAL DESIGN CONSIDERATIONS 


As the primary and secondary windings of T3 are 
electrically isolated, the collector dc blocking capaci- 
tors (which may also function as low-frequency compen- 
sation elements) have been omitted. This decreases the 
loss in RF voltage between the collectors and the trans- 
former primary, where every 100 mV amounts to approxi- 
mately 2 W in output power at 180 W level. The RF 
currents at the collectors operating into a 292 load are 


extremely high, e.g.: IRF =./ a = 9.5 A, or peak 


95 _ 
5707 7 13-45 A. 


Similarly, the resistive losses in the collector dc voltage 
path should be minimized. From the layout diagram of. 


MRF454 
2N5989 or equivalent 
2N5190 or equivalent 


Not Used 
b. 


Dashed line In performance 


data. 


MRF421 


a. 
Solid line in performance 
data. 


the lower side of the circuit board (Figure 4), Vcc is 
brought through two 1/4’? wide runs, one on each side 
of the board. With the standard 1.0 oz. laminate, the 
copper thickness is 1.4 thousands of an inch, and their 
combined cross sectional area would be equivalent to 
AWG #20 wire. This is not adequate to carry the dc 
collector current which under worst case conditions can 
be over 25 A. Therefore, the high power version of this 
design requires 2 oz. or heavier copper laminate, or 
these runs should be reinforced with parallel wires of 
sufficient gauge. 

The thermal design (determining the size and type 
of a heat sink required) can be accomplished with infor- 
mation in the device data sheet and formulas presented in 
references 5 and 6. As an example, with the 180 W unit 
using MRF421’s, the Junction-to-Ambient Temperature 


TJ]-TA 


P where: 


(RgJA) is calculated first as RgJA = 


Ty =Maximum Allowed Junction Temperature (150°C). 
TA = Ambient Temperature (40°C). 


Dissipated Power SS) x (100 - n) 


n = Collector Efficiency (%). 


P 


If the worst case efficiency at 180 W CW is 55%, then 


150 - 40 


148 
( 2 


P = 148 W, and RgjA = = 1.49° C/W (for one 


Loops can be provided for current probe measurements. 


Board Stand Off’s 


&) = Terminal Pins and Feedthroughs 


X = Feedthrough Eyelets 


device). The Heat Sink-to-Ambient Thermal Resistance, 
R6SA = Roja - (Rojc+ Recs) where: Rgjc = Device 
Junction-to-Case Thermal Resistance, 0.60°C/W* (from 
data sheet). 

RgecS = Thermal Resistance, Case-to-Heat Sink, 
0.1°C/W (from table in reference 5). 


1.49 - (0.60 + 0.1) _ 


Then: Rgsa = 5 


0.395° C/W 


This number can be used to select a suitable heat sink 
for the amplifier. The information is given by most 
manufacturers for their standard heat sinks, or specific 
lengths of extrusion. As an example, a 9.1” length of 
thermalloy 6153 or a 7.6” length of Aavid Engineering 
60140 extrusion would be required for 100% duty cycle, 
unless the air velocity is increased by a fan or other means. 


The Rg jc figure of 0.875°C/W given for the MRF421 is in error, 
and will be corrected in the future prints of the data sheet. 


FIGURE 4 — Component Layout of the Basic Amplifier 
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FIGURE 5 — An Example of the IMD Spectra! Display 
(c. Power Output = 180 W PEP, 30.00 MHz) 


The Two Tones Have Been Adjusted 6 dB Below the Top Line, 
and the Distortion Products Relative to Peak Power can.be 
Directly Read on the Scale. 


PERFORMANCE AND MEASUREMENTS 


The performance of each amplifier was measured 
with equipment similar to what is described in reference 
(2). The solid lines in Figures 6, 7, 8 and 9 represent 
the 100 W unit, the dashed lines represent the 140 W unit, 
and the dotted lines refer to the 180 W version. The data 
presented is typical, and spreads in the transistor hFE’s 
will result in slight variations in RF power gain (Fig- 
ure 7). . 

The performance data is also affected by the purity 
of the driving source. There should be at least 5-6 dB 
IMD margin to the expected power amplifier speci- 
fication, and a harmonic suppression of 50 dB minimum 
below the fundamental is recommended (7).. 

The IMD measurements were done in accordance 
to the E.I.A. proposed standard, commonly employed 
in Ham Radio and other commercial equipment design. 
The distortion products are referenced to the peak power, 
and adjusting the tone peaks 6 dB below the O dB line 
on the spectrum analyzer screen (Figure 5) provides 
a direct reading on the scale. 


The collector efficency under two tone test condi- 
tions is normally 15 — 20% lower than at CW. The load 
line has been optimized for the peak power (as well as 
possible in a broadband system with transformer imped- 
ance ratios of 4:1, 9:1, 16:1, 25:1, etc. available), which 
at SSB represents a smaller duty cycle, and the power 
output varies between zero and maximum. Typical 
figures are 40 — 45% and 55 — 65% respectively. 

The stability and load mismatch susceptibility were 
tested at 15 and 30 MHz employing an LC network (2) 
to simulate high and low reactive loads at different phase 
angles. The maximum degree of load mismatch was con- 
trolled by placing high power 50-Ohm attenuators 
between the amplfiier output and variable LC network. 


Power Gain (dB) Intermodulation IMD (dB) 


Collector Efficiency 


Input VSWR 


Distortion (dB) 


Power Output (Watts, PEP) 


FIGURE 6 — Intermodulation Distortion versus Power Output 


Frequency (MHz) 
FIGURE 7 — IMD and Power Gain versus Frequency 


Frequency (MHz) 


FIGURE 8 — Input VSWR and Collector Efficiency versus Frequency 


eee Meg 
Ge ee ee 6 
7h 


Below CW Carrier Level (dB) 


| 

ee a 
7 
/ 


Output Harmonic Contents (Odd Order) 


Frequency (MHz) 


FIGURE 9 — Output Harmonic Contents (Odd Order) 
versus Frequency 


A 2 GB attenuator limits the output VSWR to 4.5:1,3 dB 
to 3.0:1, 6 dB to 1.8:1 etc., assuming that the simulator 
is capable of infinite VSWR at some phase angle. The 
attenuators for -1.0 dB or less were constructed of a 
length of RG-58A co-axial cable, which at 30 MHz has an 
attenuation of 3.0 dB/100 ft. and at 15 MHz 2.0 dB/100 ft. 
Combinations of the cable and the resistive attenuators 
can be used to give various degrees of total attenuation. 

The tests indicated the 100 W and 140 W amplifiers 
to be stable to 5:1 output VSWR at all phase angles, 
and the 180 W unit is stable to 9:1. All units passed a load 
mismatch test at full rated CW power at an output load 
mismatch of 30:1, which they were subjected to, until 
the heat sink temperature reached 60°C. For this, the 
load mismatch simulator was motor driven with a 2 
second cycle period. 


Output Filtering 

Depending on the application, harmonic suppression 
of -40 dB to -60 dB may be required. This is best accom- 
plished with low-pass filters, which (to cover the entire 
range) should have cutoff frequencies (e.g. 35 MHz, 
25 MHz, 15 MHz, 10 MHz, 5.5 MHz and 2.5 MHz). 

The theoretical aspect of low-pass filter design is well 
covered in the literature (8). . 

A simple Chebyshev type constant K, 2 pole filter 
(Figure 10) is sufficient for 40 — 45 dB output harmonic 
suppression. | 


FIGURE 10 


The filter is actually a dual pi-network, with each pole 
introducing a -90° phase shift at the cutoff frequency, 
where L1, L2, C1 and C3 should have a reactance of 
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50 Ohms, and C2 should be 25 Ohms. If C2 is shorted, 
the resonances of L1C1 and L2C3 can be checked with a 
grid-dip meter or similar instrument for their resonant 
frequencies. em 

The calculated attenuation for this filter is 6.0 dB 
per element/octave, or -45 dB for the 3rd harmonic. 
In practice, only -35 to -40 dB was measured, but this 
was due to the low Q values of the inductors (approxi- 
mately 50). Air core inductors give excellent results, 
but toroids of magnetic materials such as Micrometals 
grade 6 are also suitable at frequencies below 10 MHz. 
Dipped mica capacitors can be used throughout. 

If the filters are correctly designed and the component 
tolerances are 5% or better, the power loss will be less 
than 1.0 dB. 


SUMMARY 

The basic circuit layout (Figure 1) has been success- 
fully adopted by several equipment manufacturers. Minor 
modifications may be necéssary depending on the avail- 
ability of specific components. For instance, the ceramic 
chip capacitors may vary in physical size between various 
brands, and recent experiments show that values 
> 0.001 uF can be substituted with unencapsulated 
polycarbonate stacked-foil capacitors. These capacitors 
are available from Siemens Corporation (type B32540) 
and other sources. Also Tl and T2 can be constructed 
from stacks of ferrite toroids with similar material char- 
acteristics. Toroids are normally stock items, and are 
available from most ferrite suppliers. 

The above is primarily intended to give an example of 
the device performance in non-laboratory conditions, thus 
eliminating the adjustments. from unit to unit. 
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LOW DISTORTION 1.6 TO 30 MHz 
SSB DRIVER DESIGNS 


Prepared by: | 
Helge O. Granberg 


GENERAL CONSIDERATION 


Two of the most important factors to be considered in 
broadband linear amplifier design are the distortion and 
the output harmonic rejection. 

The major cause for intermodulation distortion is 
amplitude nonlinearity in the active element. The non- 
linearity generates harmonics, and the fundamental 
odd-order products are defined as 2f]-f2, 2f2-f1, 
342-262, 3f2-2f], etc., when a two-tone test signal is 
used. These harmonics may not always appear in the 
amplifier output due to filtering and cancellation effects, 
but are generated within the active device. The amplitude 
and harmonic distortion cannot really be distinguished, 
except in a case of a cascaded system, where even-order 
products in each stage can produce odd-order products 
through mixing processes that fall in the fundamental 
region.” This, combined with phase distortion —which in 
practical circuits is more apparent at higher frequencies — 
can make the distortion analysis extremely difficult;>? 
whereas, if only amplitude distortion was present, the 
effect of IMD in each stage could easily be calculated. 

In order to expect a low harmonic output of the power 
amplifier, it is also important for the driving source to be 
harmonic-free. This is difficult in a four-octave bandwidth 
system, even at 10-20 watt power levels. Class A biasing 
helps the situation, and Class A push-pull yields even better 
results due to the automatic rejection of even harmonics. 

Depending on the application, a full Class A system is 
not always feasible because of its low efficiency. The 
theoretical maximum is 50%, but practical figures are not 
higher than 25% to 35%. It is sometimes advantageous 
to select a bias point somewhere between Class AB and A 
which would give sufficiently good results, since filtering 
is required in the power amplifier output in most 
instances anyway. 

In order to withstand the high level of steady dc bias 
current, Class A requires a much larger transistor die than 
Class B or AB for a specific power output. There are 
sophisticated methods such as generating the bias 
voltage from rectified RF input power, making the dc 
bias proportional to the drive level.’ This also yields 
to a better efficiency. 


20 W, 25 dB AMPLIFIER 
WITH LOW-COST PLASTIC DEVICES 


The amplifier described here provides a total power 
gain of about 25 dB, and the construction technique 
allows the use of inexpensive components throughout. 
The plastic RF power transistors, MRF475 and MRF476, 
featured in this amplifier, were initially developed for the 
CB market. The high manufacturing volume of these 


TO-220 packaged parts makes them ideal for applications 
up to 50 MHz, where low cost is an important factor. 

The MRF476 is specified as a 3-watt device and the 
MRF475 has an output power of 12 watts. Both are 
extremely tolerant to overdrive and load mismatches, 
even under CW conditions. Typical IMD numbers are 
better than -35 dB, and power gains are 18 dB and 12 dB, 
respectively, at 30 MHz. 

The collectors of the transistors are electrically con- 
nected to the TO-220 package mounting tab which must 
be isolated from the ground with proper mounting 
hardware (TO-220 AB) or by floating heat dissipators. 
The latter method, employing Thermalloy 6107 and 6106 
heat dissipators, was adapted for this design. Without 
an airflow, the 6106 and 6107 provide sufficient heat 
sinking for about 30% duty cycle in the CW mode. 
Collector idle currents of 20 mA are recommended for 
both devices, but they were increased to 100 mA for 
the MRF475 and to 40 mA for the MRF476 to reduce 
the higher order IMD products and to achieve better 
harmonic suppression. 


FIGURE 1 


Biasing and Feedback 


The biasing is achieved with the well-known clamping 
diode arrangement (Figure 2). Each stage has it own 
diode, resistor, and bypass network, and the diodes are 
mounted between the heat dissipators, being in physical 
contact with them for temperature-tracking purposes. 
A better thermal contact is achieved through the use of 
silicone grease in these junctions. 


R1, R4 — 10 Ohms, 1/4 W 

R2, R3 ~— 30 Ohms, 1/4 W 

R5, R6 — 82 Ohms, 3 W (Nom.) 
R7 — 47 Ohms, 1/4 W 

R8, R11 — 6.8 Ohms, 1/4 W 
RS, R10 — 15 Ohms, 1/4 W 
R12 — 130 Ohms, 1/4 W 


C1 — 39 pF Dipped Mica 

C2, C3 — 680 pF Ceramic Disc 

C4,C10 — 220 uF, 4 V, Tantalum 

C5, C7, C11, C13 — 0.1 UF Ceramic Disc 
C6 — 56 pF Dipped Mica 
C8, C9 — 1200 pF Ceramic Disc 

C12, C14 — 10 uF, 25 V Tantalum 


FIGURE 2 


The bias currents of each stage are individually adjust- 
able with RS and R6. Capacitors C4 and C10 function as 
audio-frequency bypasses to further reduce the source 
impedance at the frequencies of modulation. 

This biasing arrangement is only practical in low and 
medium power amplifiers, since the minimum current 
required through the diode must exceed I¢/hfe. 

Gain leveling across the band is achieved with simple 
RC networks in series with the bases, in conjunction with 
negative feedback. The amplitude of the out-of-phase 
voltages at the bases is inversely proportional to the 
frequency as a result of the series inductance in the feed- 
back loop and the increasing input impedance of the 
transistors at low frequencies. Conversely, the negative 
feedback lowers the effective input impedance presented 
to the source (not the input impedance of the device 
itself) and with proper voltage slope would equalize it. 
With this technique, it is possible to maintain an input 
VSWR of 1.5:1 or less from 1.6 to 30 MHz. 


Impedance Matching and Transformers 


Matching of the input and output impedances to 50 
ohms, as well as the interstage matching, is accomplished 
with broadband transformers (Figures 3 and 4). 


< 502 Out 
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RFC5 — Ferroxcube VK200 19/4B 
RFC1, 2,3, 4~— 10 wH Molded Choke 
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B — Ferrite Beads (Fair-Rite Prod. Corp. #2643000101 or 
Ferroxcube #56 590 65/38) 


D1, 02 — 1N4001 


Q1, Q2 — MRF476 
Q3, 04 — MRF475 


T1, T2 — 4:1 Impedance Transformer 
T3 — 1:4 Impedance Transformer 


Normally only impedance ratios such as 1:1, 4:1, 9:1, 
etc., are possible with this technique, where the low- 
impedance winding consists of metal tubes, through 
which an appropriate number of turns of wire is threaded 
to form the high-impedance winding. To improve the 
broadband characteristics, the winding .inductance is 
increased with magnetic material. An advantage of this 
design is its suitability for large-quantity manufacturing, 
but it is difficult to find low-loss ferrites with sufficiently 
high permeabilities for applications where the physical 
size must be kept small and impedance levels are relatively 
high. Problems were encountered especially with the out- 
put transformer design, where an inductance of 4 ywH 
minimum is required in the one-turn winding across the 
collectors, when the load impedance is 


2 “, 2 
2(VCE is VcEsat) _ 213.6 - 2.5)" = 12.3 ohms.*:8 
Pout 20 


Ferrites having sufficiently low-loss factors at 30 MHz 
range only up to 800—1000 in permeability and the 
inductance is limited to 2.5—3.0 wH in the physical size 
required. This would also limit the operation to approxi- 
mately 4 MHz, below which excessive harmonics are 


Ferrite Sleeves 


Metal Tubings 


Ferrite Sleeves 


FIGURE 3 


«Metal Tubings 


Examples of broadband transformers. Variations of these are 
used in all designs of this article (see text). All ferrites in trans- 
formers are Fair-Rite Products Corp. #2643006301 ferrite beads.* 
The turns ratios shown in Figure 4 are imaginary and do not 
necessarily lead to correct design practices. 
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generated and the efficiency will degrade. One possible 
solution is to increase the number of turns, either by 
using the metal tubes for only part of the windings as _ FIGURE4 
in Figure 4B, or simply by winding the two sets of 
windings randomly through ferrite sleeves or a series of 


beads (Figures 3C and 4C). In the latter, the metal tubes should be lower than required for the optimum gain and 
can be disregarded or can be used only for mounting efficiency. Considering that the device input impedance 
purposes. T3 was eventually replaced with a transformer increases at lower frequencies, a better overall match is 
_of this type, although not shown in Figure 1. possible with a 4:1, especially since the negative feedback 
Below approximately 100 MHz, the input impedances is limited to only 4 dB at 2 MHz due to its effect on the 
of devices of the size of MRF475 and smaller are usually efficiency and linearity. 
capacitive in reactance, and the Xgx is much smaller than The maximum amount of feedback a circuit can 
the Rs, (Low Q). For practical purposes, we can then use tolerate depends much on the physical layout, the 
the formula V(R,2 + Xs”) to find the actual input parasitic inductances, and impedance levels, since they 
impedance of the device. The data-sheet_ numbers for determine the phase errors in the loop. Thus, in general, 
30 MHz are 4.5, -j2.4 ohms, and we get V(4.5? + 2.47) = the high-level stages should operate with lower feedback 
5.1 ohms. The base-to-base impedance in a push-pull than the low-level stages. 
circuit would be four times the base-to-emitter impedance The maximum amount of feedback the low-level driver 
of one transistor. However, in Class AB, where the-base- can tolerate without noticeable deterioration in IMD 
emitter junction is forward biased and the conduction is about 12 dB. This makes the total 16 dB, but from the 
angle is increased, the impedance becomes closer to twice data sheets we find that the combined gain variation for 
that of one device. The rounded number of 11 ohms must both devices from 2 to 30 MHz is around 29 dB. The 
then be matched to the driver output. The drive power difference, or 13 dB, should be handled by the gain- 
required with the 10 dB specified minimum gain is leveling networks. 
| | . The input impedance of the MRF476 is 7.55, -j0.65 
Pout/Log@' (Gpp/10) = 2.0 W ohms at 30 MHz resulting in the base-to-base impedance 
—_ | of 2x V(7.55?. + 0.657) = 15.2 ohms. This, in series with 
‘and the driver output impedance using the previous networks R1, Cl and R4, C3 (2 x 4.4 ohms), gives 
formula is 2(11.17)/2 = 123 ohms. The 11 ohms in series 24 ohms, and would require a 2:1 impedance ratio trans- 
with the gain-leveling networks (C8, R8 and C9, R11) is former for a 50-ohm interface. However, due to the 
17 ohms. The closest practical transformer for this inter- influence of strong negative feedback in this stage, a 
face would be one with 9:1 impedance ratio. This would better overall matching is possible with 4:1 ratio. The 
present a higher-than-calculated load impedance to the input networks were designed in a manner similar to 
driver collectors, and for the best linearity the output load that described in Reference 8. 


*Wallkill, N.Y. 12589 
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FIGURE 5 ; 
Component Layout Diagram of Low-Cost 20 W Amplifier 


The leads of R7 and R12 form the one-turn feedback windings in T2 
and T3. Ferrite beads in dc line can be seen located under T1 and T2. 


Measurements and Performance Data 


At a power output of 20 W CW, all output harmonics 
were measured about 30 dB or more below the funda- 


mental, except for the third harmonic which was only 


attenuated 17 dB to 18 dB at frequencies below 5 MHz. 
Typical numbers for the higher order distortion products 
(dg and dj) are in the order of -60 dB above 7 MHz and 
-50 dB to ~55 dB at the lower frequencies. These both 
can be substantially reduced by increasing the idle 
currents, but larger heat sinks would be necessary to 
accommodate the increased dissipation. 

The efficiency shown in Figure 6 represents the overall 
figure for both stages. Currents through the bias networks, 
which are 82/(13.6 - 0.7) = 0.16 A each, are excluded. 
Modified values for RS and R6 may have to be selected, 
depending on the forward voltage characteristics of D1 
and D2. 

Although this amplifier was designed to serve as 
a 1.6 to 30 MHz broadband driver, it is suitable for the 
citizens band use as well. With some modifications and 
design shortcuts, the optimization can be concentrated to 
one frequency. 
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FREQUENCY (MHz) 


FIGURE 6 
Intermodulation distortion and power gain versus frequency 
(upper curves). 


Input VSWR and combined collector efficiency of both stages 
(lower curves). 


20 W, 55 dB HIGH PERFORMANCE DRIVER 
12-Volt Version 


The second amplifier employs the MHW591 hybrid 
module to drive a pair of larger devices which can be 
operated Class A or AB, depending on the requirements. 
Transistors such as MRF449 and MRF455 are recom- 
mended for Class A and MRF433 for Class AB operation. 
A 24-28 volt version with MHW592 and a pair of 
MRF401s was also designed, and some of the test data 
will be presented. For Class A, the power parts should be 
replaced with MRF42é6s.* 

These amplifiers are a good example of how a good 
gain flatness can be achieved across the four-octave band, 
with simple RC input networks and negative feedback, 
while maintaining a reasonable input VSWR. 

The MHW591 is employed as a predriver in this unit. 
The MHW591 and its counterpart, MHW592, were 
developed for low-level SSB driver applications from 
1.0 MHz to 250 MHz. The Class A operation results in 
a steady-state current drain of approximately 0.32 A, 
which does not vary with the signal level. At an output 
level of 600 mW PEP, the IMD is typically better than 
-40 dB, which can be considered sufficiently good for 
most purposes. Since the power gain is specified as 36.5 
dB, the maximum drive level for the 600 mW output is 
0.13 mW, or -9 dBM. For the final power output of 20 W, 
a power gain of 15.2 dB minimum is required at the 
highest operating frequency for the power transistors. 
A good, inexpensive device for this is the MRF433, which 
has a 20 dB minimum gain and -30 dB IMD specification 
at an output level of 12.5 W PEP. The push-pull configura- 
tion, due to inconsistent ground planes and broadbanding 
due to matching compromises usually results in 2 dB to 
3 dB gain losses from figures measured in a test fixture. 
Assuming a transistor power gain of 18 dB, the total will 
be 54.5 dB, representing an input power of ~11 dBM. 
Later measurements, however, indicated a gain of 56 dB 
(+0.5 dB) at the specified power output, making the input 
level around -13 dBM. | 


FIGURE 7 


Biasing and Feedback 


The bias circuit employed with this amplifier is 
basically similar to the one described earlier, with the 
exception of having an emitter follower output. A second 


*To be introduced. 


diode in series with the one normally seen with the 
clamping diode method compensates for the voltage drop 
in the base-emitter junction of the emitter follower, 
Q1 (Figure 8). The minimum current through D1 and D2 
is (Ic/hFE) (Q2+ Q3)/hFE(QI), and in this case 
(2.5/40)/40 = 1.5 mA. Typical hfg for the MRF433 is 
40, and with the devices biased to 200 mA each, the 
standby base current is 10 mA. In operation the load 
current of QI. then varies between 10 and 62 mA. 
A Case 77 transistor exhibiting low variations in base- 
emitter saturation voltage over this current range is 
MJE240. Base-emitter saturation voltage determines the 
bias source impedance, which should not exceed approxi- 
mately 0.3 ohm, representing a 20 mV variation in voltage 
from idle to full drive conditions. If source impedance 
exceeds 0.3 ohms, a capacitor of 500—1000 uF should be 
connected from the emitter of Q1 to ground. 

The peak dissipation of Q2 is under one watt, making 
it possible to mount the transistor directly to the circuit 
board without requiring any additional heat sinking. 

Diodes D1 and D2 are located on the lower side of the 
board, near Q2 and Q3 (Figure 9). The leads are formed 
to allow the diodes to come into contact with the tran- 
sistor flanges. The thermal contact achieved in this 
manner is not the best possible, even when the gaps are 
filled with silicone compound, but the thermal time 
constant is lower than with most other methods. Both 
diodes are used for temperature tracking, although the 
voltage drop of only one is required to compensate 
for the VBE forward drop of Ql. The advantages of this 
circuit are simplicity, low standby current drain, and 
ease of adjustment with a small trimpot. 

The voltages for the negative feedback are derived 
separately from the collectors of Q2 and Q3 through L6, 
R6 and L7, R7. Capacitors C5 and C6 are used for dc 
isolation. Because of the high RF voltage levels on the 
collectors, this method is only feasible in low- and 
medium-power amplifiers. At higher power levels, the 
power-handling requirements for the series resistors 
(Figure 8), which must be noninductive, become 
impractical. A feedback voltage source with lower 
impedance must be provided in such cases.® 

The MRF433 has a higher figure of merit (emitter 
periphery/base area) than the MRF475, for example. 
This results in smaller differences in power gain per given 
bandwidth, since the device is operating farther away 
from the 6 dB/octave slope.’ Disregarding the package 
inductances, which affect the Q, the higher figure of merit 
makes such devices more suitable for broadband opera- 
tion. The 2 MHz to 30 MHz AGPpF of the MRF433 is 
8 dB, which is divided equally between the negative 
feedback and the leveling networks C3, R4 and C4, RS. 
The 2 MHz and 30 MHz impedance values are 9.1, -j3.5 
and 2.5, -j2.2 ohms, respectively, although the 2 MHz 
values are not given in the data sheet. 

At 30 MHz we can first determine what type of trans- 
former is needed for the 50-ohm input interface. The 
effective transformer load impedance is 2V/(2.5? + 2.27) 
+ 2(2.4) ohms (leveling networks) = 11.5 ohms, which 
indicates that a 4:1 impedance ratio is the closest possible 
(see Figures 3B, 4A, and 8). These values are accurate 
for practical purposes, but they are not exact, since part 
of the capacitive reactance in C3 and C4 will be cancelled, 
depending on the transformer characteristics. 
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R1— 1 Ohm Trimpot 
R2 — 1k Ohm, 1/4 W 
- R3 — Optional 
R4, R5 — 5. 6 Ohms, 1/4W 
R6, R7 — 47 Ohms, 1/4 W 


C1, C2, C5, C6, C7 — 0.01 BF Chip 
C3, C4 — 1800 pF Chip 
C8 — 10 nF/35 V Electrolytic 


1, L4, L5 — Ferrite Beads (Fair-Rite Products Corp, 


#2643000101 or Ferroxcube #56 590 65/38 or equivalent) 


L2, L3 — 10 wH Molded Choke 
L6, L7 — 0.1 wH Molded Choke 


Q1 — MJE240 
Q2,QA3 — MRF433 


H1 — MHW591 


TT, T2 — 4:1 and 1:4 tmpedance Transformiers, respectively. 
(See discussion on transformers.) Ferrite Beads are 
Fair-Rite #2643006301 or equivalent) 


FIGURE 8 


The output matching is done with a transformer 
similar to that described in the first part of this paper 
(Figures 4B, 4C). This transformer employs a multi-turn 
primary, which can be provided with a center tap for the 
collector dc feed. In addition to a higher primary 
inductance, more effective coupling between the two 
transformer halves is obtained, which is important 
regarding the even-order harmonic suppression. 


28-Volt Version 


A 28-V version of this unit has also been designed with 
the MHWS592 and a pair of MRF401s. The only major 
change required is the output transformer, which should 
have a 1:1 impedance ratio in this case. The transformer 
consists of six turns of RG-196 coaxial cable wound on 
an Indiana General F-627-8-Q1 toroid. Each end of the 
braid is connected to the collectors, and the inner con- 
ductor forms the secondary. A connection is made in the 
center of the braid (three turns from each end) to form 
the center tap and dc feed. 

The MRF433 and MRF401 have almost similar input 
characteristics, and no changes are necessary in the input 
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circuit, except for the series feedback resistors, which 
should be 68 —82 ohms and 1 W. 

In designing the gain-leveling networks, another 
approach can be taken, which does not involve the com- 
puter program described in Reference 8. Although the 
input VSWR is not optimized, it has proved to give 
satisfactory results. 

The amount of negative feedback is difficult to deter- 
mine, as it depends on the device type and size and the 
physical circuit layout. The operating voltage has 
a minimal effect on the transistor input characteristics, 
which are more determined by the electrical size of the 
die. High-power transistors have lower input impedances 
and higher capacitances, and phase errors are more 
likely to occur due to circuit inductances. 


Since the input capacitance is an indication of elec- 
trical size of the device, we can take the paralleled value 
(Xp) at 2 MHz, which is Xs + (Rs”/Xs) and for MRF433 
3.4 4 (9.17/3.5) = 27 ohms. The Xp of the largest devices 
available today is around 10 ohms at 30 MHz, and 
experience has shown that the maximum feedback should 
be limited to about 5 dB in such case. Using these figures 


as constants, and assuming the GpF is at least 10 dB, we 
can estimate the amount of feedback as: 5/(107/27) + 5 = 
6.35 dB, although only 4 dB was necessary in this design 
due to the low AGpE of the devices. 

The series base resistors (R4 and RS) can be calculated 
for 4 dB loss as follows: 


[(Vin x A44B) - Vin}, _ ((0.79 x 1.58) - 0.79] 


= 11.45 ohms, or 


11.45/2 = 5.72 ohms each. 


Zin(2 MHz) = V(9.12 + 3.57) = 9.75 ohms, in Class AB 
push-pull 19.5 ohms. 


Pin = 20 W -28 dB = 20/630 = 0.032 W 
VRMS (base to base) = V(0.032 x 19.5) =0.79 V 
lin = Vin/Rin = 0.79/19.5 = 0.04 A 


AV4 dB = V[Log™ (4/10)] = 1.58 V 


The parallel capacitors (C3 and C4) should be selected 
to resonate with R (5.7 ohms) somewhere in the mid- 
band. At 15 MHz, out of the standard values, 1800 pF 
appears to be the closest, having a negligible reactance 
at 2 MHz, and 2.8 ohms at 30 MHz, where most of the 
capacitive reactance is cancelled by the transformer 
winding inductance. 
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FIGURE 9 


POWER GAIN (dB) 


INPUT VSWR 


Board Standoffs 


Terminal Pins 


X% = Feedthrough Eyelets 


Measurements and Performance Data 


The output harmonic contents of this amplifier are 
substantially lower than normally seen in a Class AB 
system operating at this power level and having a 4.5- 
octave bandwidth. All harmonics except the third are 
attenuated more than 30 dB across the band. Between 20 
and 30 MHz, -40 to -55 GB is typical. The third harmonic 
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FIGURE 10 


intermodulation Distortion and Power Gain versus Frequency 
(Upper Curves). Input VSWR and Collector Efficiency (excluding 
MHW591) (Lower Curves). 


Component Layout Diagram of 
20 W, 55 dB High-Performance Driver 


The leads of D1 and D2 are bent to allow the diodes to contact 
the transistor mounting flanges. 


Note that the mounting pad of Q1 must be connected to the lower 
side of the board through an eyelet ora plated through-hole. 
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has its highest amplitude (-20 to -22 dB), as can be 
expected, below 20 MHz. The measurements were done 
at an output level of 20 W CW and with 200 mA collector 
idle current per device. Increasing it to 400 mA improves 
these numbers by 3—4 dB, and also reduces the ampli- 
tudes of ds, d7, dg, and dy] by an average of 10 dB, 
but at the cost of 2-3 dB higher d3. 


leq = 200 mA per Device 
30 MHz 
——— 1.6 MHz 


80 0t—é~<i«iD 16 
POWER OUTPUT (W PEP) 


FIGURE 11 — IMD versus Power Output 


CONCLUSION 

The stability of both designs (excluding the 28 V unit) 
was tested into reactive loads using a setup described in 
Reference 8. Both were found to be stable into 5:1 load 
mismatch up to 7 MHz, 10:1 up to 30 MHz, except the 
latter design did not exhibit breakups even at 30:1 in 
the 20-30 MHz range. If the test is performed under two- 
tone conditions, where the power output varies from zero 
to maximum at the rate of the frequency difference, it is 
easy to see at once if instabilities occur at any power level. 

The two-tone source employed in all tests consists of 
a pair of crystal oscillators, separated by | kHz, at each 
test frequency. The IMD (d3) is typically -60 dB and the 
harmonics -70 dB when one oscillator is disconnected 
for CW measurements. 

HP435 power meters were used with Anzac CH-130-4 
and CD-920-4 directional couplers and appropriate 
attenuators. Other instruments included HP141T analyzer 
system and Tektronix 7704A oscilloscope-spectrum 
analyzer combination. 


20 
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A Complementary Symmetry Amplifier 
for 2—30-MHz SSB Driver Applications 


Prepared by: 
Helge Granberg 


Where harmonic rejection and low intermodulation 
distortion are important, try this new two-stage com- 
plementary symmetry amplifier. It combines push-pull 
design, single-ended impedance matching with high gain 
from the MRF432/433 to provide up to 25 watts PEP 
for driver applications. Power gain is typically 35 dB, 
depending on the supply (22 to 30 volts). 


The circuit board layout has a provision for adding a 
hybrid amplifier to raise the total power gain to 45 to 50 
dB so that the amplifier can be driven directly from a 
balanced modulator. Motorola’s MHW570-MHW572 line 
extender and trunk amplifiers are suitable if gain com- 
pensation is modified for rolloff below 5 MHz. 


I 
i 
ae 15 
oe C14 R4 
Qo pant a EE a 
! 
O 


R3 


R5 


Ci, C6 — 1000 pF 

C2, C3, C7, C8 — 0.1 wF 
C4, C9, C14 — 0.15 pF 
C5, C10, C12 — 0.68 pF 
C11 — 2000 pF 

C13 — 100 pF (Typ.) 


Biasing Techniques 


The first stage (Q1 and Q2 in figure 1) is biased to class 
A for improved even order harmonic rejection and lower 
IMD. Quiescent collector current (Icq) is set to 700 mA 
by adjusting the values of R2, R3, R4 and RS. The 
second stage (Q3 and Q4) is biased in class AB with a 
quiescent collector current of 70 to 80 mA by R7, R8, 
R9, RIO and R11. Gain compensation is performed 
with R1, C1 and R6, C6. Both stages are provided with 
negative collector-to-base feedback and the reactance of 
Ll is employed to produce a slightly increasing gain 
slope with frequency (0.8 dB/octave). The total gain 
curve is shown in figure 2. 


FIGURE 1. Complementary Symmetry Amplifier Schematic 


(NOTE: C13 may be 
necessary, depending 
on exact design of 
output transformer.) 


L1 — 0.68 wH molded choke “= 
L2, L3 — 6.8 wH molded choke 
L4 — 4 ferrite beads, Ferroxcube 56 590 65/3B 


Q1, Q3 — MRF432 
Q2, Q4 — MRF433 


R1, R4, R5 — 22 ohms/1/4 W T1, T2 — See text 


R2, R3 — 330 ohms/1/2 W 
R6 — 15 ohms/1/4 W 

R8, RO — 220 ohms/1 W 
R10, R11 — 6.8 ohms/1/2 W 
R7 — 560—680 ohms/2 W 


All capacitors are ceramic chips, Union Carbide 
type 1225 or 1813 or Varadyne size 18 or 14 
or equivalent. 

All resistors are carbon composite. 
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Impedance Matching 


Midband input impedance of the first stage is approxi- 
mately 5 ohms. The increasing feedback at low éfre- 
quencies greatly reduces the impedance variations within 
the 2- to 30-MHz frequency band. When the RIC1 
network is taken into account, the best overall match 
will be obtained with a 5:1 input transformer. However, 
for practical purposes, one with a 4:1 ratio may be sub- 
stituted. This will result in a constant input VSWR lower 
than a 1.2:1 when the output is terminated in a 15-ohm 
resistive load, which will not comply with the output im- 
pedance formulas presented for class AB and B amplifiers 
in reference 1. 


FIGURE 2. Power Gain and VSWR versus Frequency 


> 
2. 


Power Gain (dB) 


Veco = 26 V_ Pout = 25 W PEP 


Frequency (MHz) 


Output impedance for low-power class A complementary 
(1/2. Vee)? 


amplifiers ante calculated as ie CVE or simply 
aa If a slightly larger device than necessary for 


class A is used, its load impedance can be varied by 
adjusting the operating point and, in this design, elim- 
inates the need for an interstage matching transformer. 
Class AB operation of the second stage results in an input 
impedance of around 7-ohms at midband and can be 
measured in this single-ended, narrow-band circuit. 


FIGURE 3. IMD versus Frequency 
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Assuming a 24-V supply, the output impedance of the 
first stage is aS =157 ohms, when Vee (sat) is 1.0 V. 
The effective midband load impedance, taking R6 and 


C6 into account, is 13 ohms. 


Because the higher-level, second stage is biased with a 
simple resistor network, it requires a fairly low bias 
source impedance. Since R10 and R11 are each of low 
value, inductors L2 and L3 provide a higher RF imped- 
ance for the transistor bases and with proper values, can 
also be a part of the gain compensation network. 


FIGURE 4. Linear Output Power versus Supply Voltage 
40 


a 
ud 
a 
= 
~ 
pa] 
) 
a 


FIGURE 5. IMD versus Power Output 


IMD, d3 (dB) 


20 
Power Output (W PEP) 


Wideband Transformers 


The load mpegs of the second stage, according to the 
Vees 128 . a 
2Pout S 4o ~ 3.2 ohms. While an imped- 


ance ratio of 15.6:1 would be optimum for a 50-ohm 


formula 


interface, for practical reasons a standard 16:1 imped- 


ance ratio transformer was chosen for this design. T1 
and T2 are of same type, and both employ Stackpole 
dual balun ferrite cores No. 57-1845-24B (u, = 2400). 
Each of the dual cores can be replaced by two separate 
ferrite sleeves with similar magnetic characterisitcs. 


In Tl and T2, the low-impedance windings consist of 
one turn of copper braid. The primary of T1 consists of 
two turns of AWG No. 22 Teflon® insulated stranded 
wire. Four turns of similar wire are used for the second- 
ary of T2. The physical construction of this type of 
transformer is described in Motorola EB-27. 


The measured performance of the complementary sym- 
metry amplifier shown in the photo is provided in figures 
3,4 and 5 and table 1. As a construction aid, top and 
bottom phantom views identify component locations. 
And the exact size reproductions of the PCB sides can 
be used as templates. 


® Registered trademark of DuPont: 
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Table 1. Output Harmonic Contents of Complementary. 
Symmetry Amplifier 


Harmonic 


Frequency (MHz) 


References: 


Granberg, H., Motorola Engineering Bulletin EB-27. 


~ Supply 
Voltage 


© Feedthrough 
Eyelets 


NL : 
a Terminal 
Pins 


Direct Sy (It Used) © 
input Poss 
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(AA) MOTOROLA Semiconductor Products Inc. 
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BROADBAND TRANSFORMERS AND POWER 
COMBINING TECHNIQUES FOR RF 


Prepared by: 
Helge O. Granberg 


INTRODUCTION 

The following discussion focuses on broadband trans- 
formers for RF power applications with practical examples 
of various types given with performance data. Detailed 
design formula are available in the Reference section. Power 
combining techniques useful in designing high power ampli- 
fiers are discussed in detail. | 


BROADBAND TRANSFORMERS 


The input and output transformers are among the most 
critical components in the design of a multi-octave ampli- 
fier. The total performance of the amplifier (linearity, 
efficiency, VSWR, gain flatness) will depend on their 
quality. Transformers with high impedance ratios and for 
low impedances are more difficult to design in general. In 
the transmission line transformers very low line impedances 
are required, which makes them impractical for higher than 
16:1 impedance ratios in a S0-Ohm system. Other type 
transformers tequire tight coupling coefficients between 
the primary and secondary, or excessive leakage induct- 
ances will reduce the effective bandwidth. Twisted line 
transformers (Figure 1C, D, F, G) are described in Refer- 


ences 1, 2, and 4. Experiments have shown that the di- 
electric losses in certain types of magnet wire, employed 
for the twisted lines, can limit the power handling cap- 
ability of such transformers. This appears as heat generated 
within the transformer at higher frequencies, although part 
of this may be caused by the losses in the magnetic core 
employed to improve the low frequency response. At low 
frequencies, magnetic coupling between the primary and 
secondary is predominant. At higher frequencies the leak- 
age inductance increases and the permeability of the 
magnetic material decreases, limiting the bandwidth unless 
tight capacitive coupling is provided. In a transmission line 
transformer this coupling can be clearly defined in the 
form of a line impedance. 

The required minimum inductance on the low imped- 
ance side is: 


L = Inductance in wH 
R = Impedance in Ohms 
f = Frequency in MHz 


R 
pao 


Inf where 


This applies to all transformers described here. 
Some transformers, which exhibit good broad band per- 
formance and are easy to duplicate are shown in Figure 1. 


FIGURE 1 — HF Broadband Transformers 
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Transformers E and F are intended for input applica- 
tions, although Ain a smaller physical form is also suitable. 
In E, the windings are photo etched on double sided 
copper-Kapton* (or copper-fiberglass) laminate. The dielec- 
tric thickness is 3 mils, and the winding area is 0.25 in2. 


_ 


Laminate Thickness (Mils) 
go Oho oN © LO 


Transformer size (Area In.2) 


FIGURE 2 — Laminate Thickness versus Winding Area 


Solider Area 68 


Copper 
, Strip 38 


Plastic 
Insulation 


Fiberglass 
Material 


Insulation 


Strip 58 - a, 


Copper 
. Strip 56 


Ferrite Material 82 
Patent Applied for. 


FIGURE 3 — Detailed Structure of Transformer Shown in Figure 1E 


*Trademark of E. I. DuPont, De Nemours and Co., Inc. 


Ferrite plates (uy = 2000 to 3000) are cemented on each 
side to improve the low frequency response. This type 
transformer in the size shown, can handle power levels to 
10 W. Figure 2 shows curves for laminate thickness versus 
winding area for various impedance ratios. 

Impedance ratios of this transformer are not limited to 
integers as 1:1, 4:1 —~— N:L, and the dc isolated primary 
and secondary have an advantage in certain circuit config- 
urations. This design will find its applications in high 
volume production or where the small physical size is of 
main concern. Table 1 shows the winding configuration 
and measured data of the transformer shown in Figure = 


TABLE 1 — Impedance at Terminals BB’ 
Transformer Terminated as Shown 


3 Turns 10 Turns 


+j 81 
+) 185 
+j 1518 
j 214 

- 479 
+ 30 


In the transformer shown in Figure 1F and Table 2, a 
regular antenna balun core is employed (Indiana General 


F684-1 or equivalent). Lines A and B each consist of two 


twisted pairs of AWG #30 enameled wire. The line 
impedances are measured as 32 Ohms, which is suffi- 
ciently close to the optimum 25 Ohms calculated for 4:1 


_ impedance ratio. (Zp = =/ Rin RL). 


Windings a and b are wound one on top of the Sie 
around the center section of the balun core. Line c should 
have an optimum Zo of 50 Ohms. It consists of one pair of 
AWG #32 twisted enameled wire with the Zo measured as 
62 Ohms. The balun core has two magnetically isolated 
toroids on which c is wound, divided equally between 
each. The industance of c should approach the combined 
inductance of Lines a and b (Reference 4, 6). 

The reactance in the 50 Ohm port (BB’) should measure 
a minimum of + J 200. To achieve this for a 4:1 trans- 
former, a and b should each have three turns, and for a 
9:1 transformer, four turns. When the windings are con- 
nected as a 9:1 configuration, the optimum Zo is 16.6 


Ohms, and a larger amount of high frequency compensation 
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will be necessary. Lower impedance lines can be realized 
with heavier wires or by twisting more than two pairs to- 
gether. (e.g., four pairs of AWG #36 enameled wire 


would result in the Zo of approximately 18 Ohms.) De- 
tailed information on the manufacture of twisted wire 
transmission lines can be found in References 2, 4, and 8. 
9. 


TABLE 2 — impedance at Terminals BB’ 
Transformer Terminated as Shown 


c, 14.5 Turns 


Xp (Ohms) 


+j 3060 


Figure 1A shows one of the most practical designs for 
higher impedance ratios (16 and up). The low impedance 
winding always consists of one turn, which limits the avail- 
able ratios to integers 1,4,9 —— N. Data taken of this type 
of a 16:1 transformer is shown in Table 3, while Figure 4 
illustrates the physical construction. Two tubes, 1.4” long 
and 1/4” in diameter — copper or brass — form the primary 
winding. The tubes are electrically shorted on one end by a 
piece of copper-cladaminate with holes for the tubes and 
the tube ends are soldered to the copper foil. The hole 
spacing should be larger than the outside diameter of the 
ferrite sleeves. 


TABLE 3 — Impedance at Terminals BB’ 
Transformer Terminated as Shown 


+j 1030 
+j 3090 
+j 5800 
+ 300 © 
+ 760 
-} 600 


Multi-Turn Winding 
Threaded —_ 
Through. Tubings 


aes 


Connections 
to Tubings 


Ferrite Sleeves, Shorted Tube Ends 


Stackpole 57-047 2-24A, 
or Equivalent. 


FIGURE 4 — Physical Construction of a 16:1 Transformer 
(Actual Number of Turns Not Shown) 


A similar piece of laminate is soldered to the opposite 
ends of the tubes, and the copper foil is divided into two 
sections, thus isolating the ends where the primary connec- 
tions are made. The secondary winding is formed by 
threading wire with good RF insulating properties through 
the tubes for the required number of turns. 

Although the measurements indicate negligible differ- 
ences in performance for various wire sizes and types 
(stranded or solid), the largest possible diameter should be 
chosen for lower resistive losses. The initial permeability of 
the ferrite sleeves is determined by the minimum induct- 
ance required for the lowest frequency of operation accord- 
ing to the previous formula. Typical u's can vary from 
800 to 3000 depending upon the cross sectional area and 
lowest operating frequency. Instead of the ferrite sleeves, 
a number of toroids which may be more readily available, 
can be stacked. | 

The coupling coefficient between the primary and sec- 
ondary is almost a logarithmic function of the tube dia- 
meter and length. This factor becomes more important 
with very high impedance ratios such as 36:1 and up, 
where higher coupling coefficients are required. The losses 
in the ferrite are determined by the frequency, permeability 
and flux density. The approximate power handling cap- 
ability can be calculated as in Reference 4 and 6, but the 
ferrite loss factor should be taken into consideration. The 
uy in all magnetic materials is inversely proportional to the 
frequency, although very few manufacturers give this data. 

Two other variations of this transformer are shown in 
Figure 5. The smaller version is suitable for input matching, 
and can handle power levels to 20 W. It employs a stack- 
pole dual balun ferrite core 57-1845-24B. The low imped- 
ance winding is made of 1/8” copper braid. The portions 
of braid going through the ferrite are rounded, and open- 
ings are made in the ends with a pointed tool. The high 
impedance winding is threaded through the rounded 


portions of the braid, which was uncovered in each end of 


the ferrite core. (See Figures 4 and 5.) 
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FIGURE 5 — Variations of Transformers in Figure 1A 


The construction technique of the larger version trans- 
former is similar, except two separate ferrite sleeves are 
employed. They can be cemented together for easier 
handling. This transformer is intended for output applica- 
tions, with a power handling capability of 200-250 W 
employing Stackpole 57-0472-27A ferrites. For more 
detail, see Reference 7. 

The transformer shown in Figure 1B is superior in band- 
width and power handling capability. Table 4 shows data 
taken on a 4:1 transformer of this type. The transmission 
lines (a and b) are made of 25-Ohm miniature co-axial 
cable, Microdot 260-41 18-000 or equivalent. Two 50 Ohm 
cables can also be connected in parallel. 

The balun, normally required to provide the balanced 
to unbalanced function is not. necessary when the two 
transmission lines are wound on separate magnetic cores, 
and the physical length of the lines is sufficient to provide 
the necessary isolation between AA’ and BB’. The minimum 
line length required at 2.0 MHz employing Indiana General 
F627-19-Q1 or equivalent ferrite toroids is 4.2 inches, and 
the maximum permissible length at 30 MHz would be 
approximately 20 inches, according to formulas 9 and 10 
presented in Reference 2. The 4.2 inches would amount 
to four turns on the toroid, and measures 1.0 LH. This 
complies with the results obtained with the formula given 
earlier for minimum inductance calculations. - 

Increasing the minimum required line length by a factor 
of 4 will provide the isolation, and the total length is still 
within the calculated limits. The power loss in this PTFE 
insulated co-axial cable is 0.03 dB/ft at 30 MHz in contrast 
to 0.12 dB/ft for a twisted wire line. The total line loss in 
the transformer will be about 0.1 dB 

The number of turns on the toroids has been increased 
beyond the point where the flux density of the magnetic 
core is the power limiting factor. The combined line and 
core losses limit the power handling capability to approxi- 
mately 300 W, which can be slightly increased by employ- 
ing lower loss magnetic material. 
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Toroids-Indiana 
General F627-19 Q1, 
or Equivalent 


Cable — 2592, 

Microdot 260-4118-000, 
or Equivalent. (16 Turns 
on Each Toroid.) 


FIGURE 6 — Transformer Construction (Figure 1B) 


Note the connection arrangement (Figure 6), where the 
braid of the cable forms the high current path of the 
primary. 


TABLE 4 — Impedance at Terminals BB’ 
Transformer Terminated as Shown 


+j 460 
+j 680 
+j 920 
+) 1300 
+; 900 
+j 690 


HIGH-FREQUENCY POWER COMBINING 
TECHNIQUES EMPLOYING HYBRID COUPLERS 


The zero degree hybrids described here are intended for 
adding the powers of a multiple of solid-state amplifiers, or 
to combine the outputs of groups of amplifiers, usually re- 
ferred to as modules. With this technique, powers to the 
kW level at the high-frequency bands can be realized. 

When reversed, the hybrids can be used for splitting 
signals into two or more equal phase and amplitude ports. 
In addition, they provide the necessary isolation between 
the sources. The purpose of the isolation is to keep the 
system operative, even at a reduced power level during a 
possible failure in one amplifier or module. The isolation 
is especially important in output combining of linear 


amplifiers, where a constant load impedance must be main- 
tained. Sometimes the inputs can be simply paralleled, and 
a partial system failure would not have catastrophic effects, 
but will merely result in increased input VSWR. 

For very high frequencies and narrow bandwidths, the 
hybrid couplers may consist of only lengths of transmis- 
sion line, such as co-axial cable. The physical lengths of the 
lines should be negligible compared to the highest operat- 
ing frequency to minimize the resistive losses, and to avoid 
possible resonances. To increase the bandwidth and im- 
prove the isolation characteristics of the line, it is necessary 
to increase the impedance for non-transmission line cur- 
rents (parallel currents) without effecting its physical 
length. This can be done by loading the line with magnetic 
material. Ideally, this material should have a linear BH 
curve, high permeability and low losses over a wide freq- 
uency range. For high-frequency applications, some ferrites 
offer satisfactory characteristics, making bandwidths of 
four or more octaves possible. 

Depending upon the balance and phase differences be- 
tween the sources, the currents should be mostly cancelled 
in the balun lines. In a balanced condition, very little power 
is dissipated in the ferrite cores, and most occurring losses 
will be resistive. Thus, a straight piece of transmission line 
loaded with a high permeability ferrite sleeve, will give 
better results than a multiturn toroid arrangement with 
its inherent higher distributed winding capacitance. 

It is customary to design the individual amplifiers for 50 
Ohm input and output impedances for testing purposes 
and standardization. 50-and 25-Ohm co-axial cable can 
then be employed for the transmission lines. Twisted wire 
lines should not be used at power levels higher than 100 
Watts average, due to their higher dielectric losses. 

Variations of the basic hybrid are shown in Figure 7A 
and B where both are suitable for power dividing or 
combining. 


The balancing resistors are necessary to maintain a low 
VSWR in case one of the 50-Ohm points reaches a high 
impedance as a result of a transistor failure. As an input 
power splitter, neither 50-Ohm port will ever be subjected 
to a short due to the base compensation networks, should 
a base-emitter junction short occur. An open junction will 
result in half of the input power being dissipated by the 
balancing resistor, the other half still being delivered to the 
amplifier in operation. The operation is reversed when the 
hybrid is used as an output combiner. A transistor failure 
will practically always cause an increase in the amplifier 
output impedance. Compared to the 50-Ohm load imped- 
ance it can be regarded as an open circuit. When only one 
amplifier is operative, half of its output power will be dis- 
sipated by R, the other half being delivered to the load. 
The remaining active source will still see the correct load 
impedance, which is a basic requirement in combining 
linear amplifiers. The resistors (R) should be of nonin- 
ductive type, and rated for 25% of the total power, unless 
some type of automatic shutoff system is incorporated. 
The degree of isolation obtainable depends upon the fre- 
quency, and the overall design of the hybrid. Typical 


FIGURE 7A 


FIGURE 7B 


FIGURE 7 — Variations of Basic Hybrid 


figures for 2 to 30 MHz operation are 30-40 dB. Fig- 
ures 8A and B show 4 port “totem pole” structures de- 
rived from Figures 7A and 7B. Both can be used with even 
number of sources only, e.g. 4, 8, 16, etc. For type 8B, it 
is more practical to employ toroidal multi-turn lines, rather 
than the straight line alternatives, discussed earlier. The. 
power output with various numbers of inoperative sources 
can be calculated as follows, if the phase differences are 
negligible: (Reference 2) 


P 
Pout -(f)s1 


where: P = Total power of operative sources 
N_ = Total number of sources 
N 1 = Number of operative sources 


Assuming the most common situation where one out of 
four amplifiers will fail, 75% of the total power of the re- 
maining active sources will be delivered to the load. 

Another type of multiport hybrid derived from Figure 
7A is shown in Figure 9. It has the advantage of being cap- 
able of interfacing with anodd number of sources or loads. 


In fact, this hybrid can be designed for any number of 
ports. The optimum values of the balancing resistors will 
vary according to this and also with the number of ports 
assumed to be disabled at one time. Two other power 
combining arrangements are shown in Figures 10 and 11. 
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FIGURE 8A 


Line impedances: 


a,b = 502 
c,d = 250 


FIGURE 8B 


FIGURE 8 — Four Port “Totem Pole” Structure 


Zo (a,b,c) = 50 2 
Zo (d,e) = 25 2 (optimum 28.9 %) 


FIGURE 9 — Three-Port Hybrid Arrangement 
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Zo (a,b) = 50 2 
Zo (c,d) = 25 2 (optimum 35.4 2) 


FIGURE 10 — Two-Port Hybrid System 
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© RR, = 12.5 Ohms © 
1 PORT INOPERATIVE. 2 PORTS INOPERATIVE. . _ 3 PORTS INOPERATIVE. 
Optimum R = 28.3 Ohms Optimum R = 25 Ohms . Optimum R = 18.75 Ohms 


Pp = P = P = 
ut R ut RB ut R 
(BTHP2+P3)-(P_ + Po) (PIFP2)-(P _ +P) PP (PR +P) 


P1, P2, P3 = Power at any operative port, Pe = Power dissipated in R, excluding Ri: 
V = RMS voltage at any 50 Ohm point. 
(The phase differences are assumed negligible.) 


Zo (a,b,c,d) = 5022 
Zo (e,f) = 25 2 (optimum) 


FIGURE 11 ~— Four-Port Hybrid System 


The isolation characteristics of the four-port output com- 
biner were measured, the data being shown in Table 5. 
The ferrite sleeves are Stackpole 57-0572-27A, and the 
transmission lines are made of RG-142/U co-axial cable. 
The input power dividers described here, employ Stack- 
pole 57-1511-24B ferrites, and the co-axial cable is Micro- 
dot 250-401 2-0000. 


TABLE 5 — Isolation 
Characteristics of Four Port Output Combiner 


isolation, 
Port-to-Port — 
(dB) 


27.0-29.4 
34.8-38.2 
39.0-41.2 
32.1-33.5 
31.2-33.0 
31.0-33.4 


The input and output matching transformers (T1 — T2) 
will be somewhat difficult to implement for suchimpedance 
ratios as 2:1 and 3:1. One solution is a multi-turn toroid 
wound with co-axial cable, suchas Microdot 260-4118-000. 
A tap can be made to the braid at any point, but since this 
is 25-Ohm cable, the Zo is optimum for a 4:1 impedance 
ratio only. Lower impedance ratios will normally require 
increased values for the leakage inductance compensation 
capacitances (C1 — C2). For power levels above 500-600 
W, larger diameter co-axial cable is desirable, and it may be 
necessary to parallel two higher impedance cables. The 
required cross sectional area of the toroid can be calculated 
according to the Bmax formulas presented in References 
4 and 6. 

The 2 to 30 MHz linear amplifier (shown in Figure 13) 


FIGURE 12 — Two-Four Port Hybrids 


The one at the lower left is intended for power divider applications 
with levels to 20 — 30 W. The larger one was designed for amplifier 
Output power combining, and can handle levels to 1 ~ 1.5kW. (The 
balancing resistors are not shown with this unit.) 


consists of two 300 W modules (8). This combined ampli- 
fier can deliver 600 W peak envelope power. The CW 
power output is limited to approximately 400 W by the 
heatsink and the output transformer design. 

The power combiner (Figure 13A) and the 2:] step-up 
transformer (Figure 13B) can be seen in the upper right 
corner. The input splitter is located behind the bracket 
(Figure 13C). The electrical configuration of the hybrids 
is shown in Figures 7A and 10. Note the loops equalizing 
the lengths of the co-axial cables in the input and output 
to assure a minimum phase difference between the two 
modules. 


FIGURE 13 — 2 to 30 MHz Linear Amplifier Layout 
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MOTOROLA ONG370 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


| The RF Line 


10 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


. . . designed primarily as a driver for high-power linear amplifier 
stages operating from 2.0 to 30 MHz. 


® Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 10 W (PEP) 
Minimum Gain = 12 dB 

Efficiency = 38% 


® Intermodulation Distortion @ 10 W (PEP) 
IMD = -30 dB (Max) 


*MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage VcBO | 65 
Emitter-Base Voltage VeEBO fF 4.0 | 


ape | 


\ SEATING PLANE 


ST 


YLE 1: 

PIN 1. EMITTER 

2. BASE 

3. EMITTER 

4, COLLECTOR 


"Indicates JEDEC Registered Data 


2N6370 


*ELECTRICAL CHARACTERISTICS Sites 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Ig = 0) 


Colfector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Veg = 0) 


| Emitter-Base Breakdown Voltage 
(ig = 5.0 mAdc, Ic = 0) 


| Collector Cutoff Current 
(VcE = 28 Vde, VgE = 9, Tc +55°C) 


ON CHARACTE RISTICS 


aac SHARAG TERISTICS 
Current-Gain — Bandwidth Product 
(Ig = 0.5 Adc, Voge = 15 Vde, f = 50 MHz) 
| Output Capacitance 
(Vop = 28 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TEST | | 
| Common- Emitter Amplifier Power Gain (Figure 1) 


(Pout = 10 WIPEP); Ic = 470 mAdc Max, Voc = 28 Vdc, 
fy = 30 MHz, fo = 30.001 MHz) 


| intermodulation Distortion Ratio (Figure 1) (1) | 
(Pout = 10 WIPEP), Ic = 470 mAdc Max, Vcc = 28 Vdc, 
fy = 30 MHz, f2 = 30.001 MHz) 


Collector Efficiency 
(Pout = 10 W(PEP), Ic = 470 mAdc Max, Voc = 28 Vdc, 
fz = 30 MHz, fz = 30.001 MHz) 


*\ndicates JEDEC Registered Data. 
(1) To MIL STD 1311 Version A, Test Method 2204, Two Tone, Reference Each Tone 


FIGURE 1 — 30 MHz TEST CIRCUIT 
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+ . 6 : pay z 
Bias D1 YW cé>N C7 cs c9 28 Vde 
= L4 = 
L3 cs 
Cc 
L1 Ned 
C1 80 — 480 pF ARCO 466 or equivalent L2 5 Turns, #18 AWG, 1/4” 1.0., 5/16" Long (0.13 wH) 
C2,C3,C4 170 — 780 pF ARCO 469 or equivalent L3 10 wH 
C5 0.1 uF L4 1.0 wH 
Cc6,C9 0.01 uF WR) RFC VK200 FERROXCUBE 
C7 500 uF TANTALUM or equivalent R1 1OOHMS 1/2 W ALLEN BRADLEY or equivatent 
cs 2000 pF -UNELCO or equivalent R2,R3 | 15 0HMS 1/2 WALLEN BRADLEY or equivalent 
D1 1N4001 . R4 SOOHMS 1/2 WALLEN BRADLEY or equivalent 
L14 4 Turns, #18 AWG, V/2 1.D., 1/4 Long (0.1 uH) ADJUST BIAS FOR lca =10mMmA 
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_ DISTORTION (dB) 


Pout, QUTPUT POWER (WATTS PEP) 


Pout, QUTPUT POWER (WATTS PEP) 
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FIGURE 2 — LINEAR OUTPUT BOWER . 


versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER 
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FIGURE 6 — INTERMODULATION DISTORTION 
versus OUTPUT POWER 
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Pout, OUTPUT POWER (WATTS PEP) 
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FIGURE 3 — OUTPUT POWER 
versus INPUT POWER 


Vcc = 28 Vde 


Ica = 10mA 
_ TWO TONE TEST: 
f = 30, 30.001 MHz 


Pin. INPUT POWER (mW PEP) 


FIGURE 5 — OUTPUT POWER 
versus INPUT POWER 
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FIGURE 7 — LINEAR OUTPUT POWER 
versus SUPPLY VOLTAGE 
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FIGURE 8 — PARALLEL EQUIVALENT FIGURE 9 ~ PARALLEL EQUIVALENT 
INPUT RESISTANCE versus INPUT CAPACITANCE versus 
FREQUENCY FREQUENCY 
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FIGURE 14 — COLLECTOR CURRENT 


FIGURE 15 — RF POWER DERATING 
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MOTOROLA | MRF401 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| The RF Line 


25 W PEP — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


... designed primarily for applications as a high-power linear 
amplifier from 2.0 to 75 MHz. 


® Specified 28 Volt, 30 MHz Characteristics — 


Output Power = 25 W (PEP) 
Minimum Gain = 13 dB 
Efficiency = 40% 


® |ntermodulation Distortion at 25 W (PEP) 
IMD = -32 dB (Max) 


® {sothermal-Resistor Design Results in Rugged Device 
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applies only when the devices are operated as class Bor C RF amplifiers. 
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MRF401 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
a 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVCEO 
(I¢ = 50 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage BVcES 
(I¢ = 10 mAdc, Vpe = 0) 
Emitter-Base Breakdown Voltage : BVEgBO 
(Ie = 10 mAdc, Ic = 0) . 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0Adc, Vce = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcop = 30 Vdc, lg = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-E mitter Amplifier Power Gain | 
(Pout = 25 Watts PEP, tc (max) = 1.12 Adc, Voc = 28 Vdc, 
f = 30 MHz) 


Collector Efficienty 
(Pout = 25 Watts PEP, Ic (max) = 1.12 Adc, Vcc = 28 Vde, 


f = 30 MHz) 


intermodulation Distortion 
(Pout = 25 Watts PEP, Ic = 1.12 Adc, Voc = 28 Vdc, 
f4 = 30 MHz, fo = 30.001 MHz) 


FIGURE 1 — 30 MHz LINEAR TEST CIRCUIT 
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C1,C2 — ARCO 469 190-780 pF 3 Turns #16 0.25" 1D 
— ARCO 464 25-280 pF 6 Turns #16 0.5” ID 
— 120 pF Dipped Mica 7 Turns #20 0.38!’ ID 
— 100 uF 15 Vdc 10 wH Molded Choke Delevan 


- oe pede Al ork Ferroxcube VK200/20-4B 
; 3-Ferroxcube 5653065-3B 
Input/Output Connectors UG53 A/u 


— | 
N4997 10 2 1/2 Watt 10% 


Adjust Bias (Base) for icg = 20 mA with No RF Applied 
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FIGURE 2 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 


FIGURE 3 — PARALLEL EQUIVALENT (NPUT 
CAPACITANCE versus FREQUENCY 
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Measuring the intermodulation Distortion 
of Linear Amplifiers 


Prepared by: 
Helge Granberg 


The measured distortion of a linear amplifier, normally 
called Intermodulation Distortion (IMD), is expressed as 
the power in decibels below the amplifier’s peak power 
or below that of one of the tones employed to produce 
the complex test signal. 


A signal of three or more tones is used in certain video 
IMD tests, but two tones are common for HF SSB. The 
two-tone test signal provides a standard, controlled test 
method, whereas the human voice contains an unknown 
number of frequencies of various amplitudes and couldn’t 
be used for accurate power and linearity measurements. 
Separation of the two tones, for voice operation equip- 
ment, may be from 300 Hz to 3 kHz, 1 kHz being a 
standard adopted by the industry. 


Generation of the Test Signal 


The two-tone IMD test signal can be generated by a num- 
ber of means of which the following three are the most 
common: 


System A—A two-tone audio signal is formed by algebra- 
ically adding two sine wave voltages of equal amplitude 
which are not harmonically related, e.g., 800 Hz and 1.8 


LOWER UPPER 
SIDEBAND SIDEBAND 


CARRIER 


fo -f2 fo-fy fo fo tf, fg +f2 
SYSTEM A 


kHz. This two-tone audio signal is fed into a balanced 
modulator together with an RF carrier, one sideband 
filtered out, and the resultant further mixed to the de- 
sired frequency and then amplified. The system is useful 
in testing complete SSB transmitters. A commercial 
transmitter can also be used as a signal source for testing 
linear amplifiers. 


System B—In this method, a signal of approximately 
500 Hz is fed into a balanced modulator together with 
an RF carrier and amplified to the required power level. 


UPPER 
SIDEBAND 


LOWER 
SIDEBAND 


CARRIER 


fo-ty fo fot 


SYSTEM B 
The resultant is a double-sideband signal that resembles 
a single-sideband signal generated under two-tone sine 
wave conditions. Viewed on a scope screen, the envelope 
produced by this method appears the same as a SSB two- 
tone pattern. However, unlike the System A test signal, 
there is acontrolled and fixed phase relationship between 
the two output tones. This system is widely employed 


to generate the test signal for linearity measurements. 


System C—Two equal amplitude RF signals, separated in 
frequency by 1 kHz, are algebraically added ina hy brid 
coupler. The isolation between input ports must be 
high enough to avoid interaction between the two RF 
signal generators. Short-term stability (jitter) should be 


1 kHz 


fy fg 
SYSTEM C 


less than one part per million at 30 MHz. The carrier is 
nonexistent as compared to A and B, and the two-tone 
signal is generated as the RF voltages cancel or add at 
the rate of their difference frequency according to their 
instantaneous phase angles. Because no active compo- 
nents are involved, very low IM distortion is achievable. 
This system is useful in applications where low distortion 
and low power levels are required. 


Except for the position of the carrier in respect to the 
two tones, displays of the signals produced by systems 
A, B and C appear identical on a spectrum analyzer 
screen. Sometimes, however, the suppressed carrier may 
remain below the noise level of the instrument. Any 
spectrum analyzer used for SSB linearity measurements 
must have an IF bandwidth of less than 50 Hz to allow 
the two closely spaced tones to be displayed with good 
resolution. Figure 1 shows a low distortion, two-tone 
envelope displayed on a scope screen. On a spectrum 


analyzer screen the same signal displays as two discrete 


frequencies separated by the difference of the audio fre- 
quency or frequencies. See figure 2. The display repre- 
sents the rate at which peak power occurs when the two 
frequencies are in phase and the voltages add. Thus, one 
peak contains one-fourth (—6 dB) of the peak envelope 
power (PEP). An average reading power meter would 
read the combined power of the tones, or half the PEP, 
assuming the envelope distortion is negligible. The third 
order distortion products (d3), fifth order (ds), etc., 
can be seen on each side of the tones. The actual power 
(PEP) of each distortion product can be obtained by 
deducting the number of decibels indicated by the ana- 
lyzer from’ the average power. This value may be useful 
in determining the linearity requirements of the signal 
‘source. While the maximum permissible distortion levels 
of the driver stages in a multi-stage amplifier may be 
difficult to specify, a 5- to 6-dB margin is usually con- 
sidered sufficient. 


Types of Distortion 


The nonlinear transfer characteristics of active devices 
are the main cause of amplitude distortion, which is 


. some equipment specifications. 


both device and circuit dependent. On the other hand, 
harmonic and phase distortion, also present in linear 
amplifiers, are predominantly circuit dependent. Even 
order harmonics, particularly noticeable in broadband 
designs, cause the harmonic distortion. Push-pull design 
will eliminate most of the even-order-caused harmonic 
distortion and the driver stages, where efficiency is of 
less concern, can be biased to class A. 


Phase distortion can be caused by any amplitude or fre- 
quency sensitive components, such as ceramic capacitors 
or high-Q inductors, and is usually present in multi-stage 
amplifiers. This distortion may have a positive or nega- 
tive sign, resulting in occasions where the level of some 
of the final IMD products (d3 or ds,.or both) may be 
lower than that of the driving signal, due to cancelling 


effects of opposite phases. Actual levels depend on the 


relative magnitude of each distortion product present. 


From the above it is apparent that the distortion figures 
presented by the spectrum analyzer represent a combina- 
tion of amplitude, harmonic and phase distortion. 


Measurement Standards 


As indicated earlier, there are two standard methods of 
measuring the IM distortion: 


Method 1 -In military standard (1131 A-2204B), the dis- 
tortion products are referenced to one of the two tones 
of the test signal. The maximum permissible IMD is not 
specified but, numbers like -35 dB are not uncommon in 
However, when this 
measuring system is employed in industrial applications, 
the IMD requirement (d3) is usually relaxed to —30 dB. 
Figure 3 shows the frequency spectrum of IM distortion 
products and their relative amplitudes for a typical class 
AB linear amplifier. Biasing the amplifier more toward 
class B will cause the lower order distortion products to 
go down and the amplitudes of the higher order products 
to increase. There is a bias point where the d3 and ds 
products become equal resulting in 2-5 dB improvement 
in the lower order IMD readings. 


Method 2—In the proposed EIA standard, the amplitude 
of the distortion products is referenced to the peak en- 
velope power, which is 6 dB higher in power than that 
represented by one of the two tones. The amplifier or 
device indicating a maximum distortion level of —30 dB 
in Method 1 represents -36 dB with the EIA proposed 
standard. Conversely, a ~30 dB reading with EIA’s PEP 
reference would be —24 dB when measured with the 
more conservative military method. In practical measure- 
ments, the two tones can be adjusted 6 dB down from 
the zero dB line, and direct IMD readings can be obtained 
on the calibrated scale of the analyzer. Alternatively, the 
tone peaks can be set to the zero dB level and 6 dB de- 
ducted from the actual reading. 


FIGURE 1. Two-tone test pattern generated by A, B or C. 
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FIGURE 2. Test signal of figure | displayed by a spectrum analyzer. 3rd 


and Sth order distortion products are Visible. 
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FIGURE 3. Typical distribution of distortion product amplitudes 


compared to the two fundamental frequency components. 


The military standard, with the relaxed -30 dB IMD 
specification, is employed by most manufacturers of 
high power commercial transmitters and marine radio 
base stations. The EIA measuring method is used by the 
majority of ham radio equipment and CB radio manu- 
facturers. It is also used to measure IMD in various 
mobile radio applications operating from-a 12.5-V nomi- 


nal dc supply. 


Because of the importance to your design, data sheets of 
-the newer generation Motorola devices specify linearity 


tests appropriate to the expected application of the par- 


ticular device and test conditions are always indicated. 
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BROADBAND LINEAR POWER AMPLIFIERS 
USING PUSH-PULL TRANSISTORS 


Prepared by: 
Helge O. Granberg 


INTRODUCTION 

Linear power amplifier operation, as used in SSB trans- 
mitters, places stringent distortion requirements on the 
high-power stages. To meet these distortion requirements 
and to attain higher power levels than can be generally 
achieved with a single transistor, a push-pull output con- 
figuration is often employed. Although parallel operation 
can often meet the power output demands, the push-pull 
mode offers improved even-harmonic suppression making 
it the better choice. The exact amount of even-harmonic 
suppression available with push-pull stages is highly de- 
pendent on several factors, the most significant one being 
the matching between the two output devices. Neverthe- 
less, even in the worst case the suppression provided in push- 
pull designs is superior to that of single-ended ‘circuits. 
Device matching however is not limited to push-pull circuits 
since it is also required to a lesser degree in parallel tran- 
sistor designs. 


Two linear power amplifier designs are to be discussed - 


in this Application Note. The 80 Watt design is intended 
for mobile communications systems operating from a 12.5 
V power sources. The other supplies 160 W when operated 
froma 28 V line and it is intended for fix location systems. 
Both designs cover the 3--30 MHz band and utilize a driver 
stage to provide a total power gain of about 30 dB. Each 
amplifier requires some amount of heat-sinking for proper 
operation. The 28 V amplifier requires a heat-sink with a 
thermal characteristic of 0.85°C/W while the 12.5 V 
version uses a heat-sink witha 1 .40°C/W thermal resistance. 
With these heat-sinks, cooling fans are not required for 
normal conditions, since with speech operation the average 
power is some 15 dB below peak levels. However, if two- 
tone bench testing is to exceed more than a duration of 
a few minutes, a cooling fan should be provided. 

To assure ruggedness, engineering models of both ampli- 
fiers were subjected to open and short circuit output mis- 
matches for several minutes at full power levels without 
any apparent damage'to any of the transistors. This is 
very important in most equipment designs to avoid possible 
downtime for transistor replacements. 


A 28 V, 160 W AMPLIFIER 


An amplifier which can supply 160 watts (PEP) into a 
50 2 load with IMD performance of -30 dB or better is 
shown in the schematic diagram of Figure 1 and photos 
of Figures 2 and 3. Two 2N5942 transistors are employed 
in the design. These transistors are specified at 80 watts 


(PEP) output with intermodulation distortion products 
(IMD) rated at -30 dB. For broadband linear operation, 
a quiescent collector current of 60-80 mA for each tran- 
sistor should be provided. Higher quiescent current levels 
will reduce fifth order IMD products, but will have little 
effect on third order products except at lower power levels. 
Generally, third order distortion is much more significant 
than the fifth order products. 

A biasing adjustment is provided in the amplifier circuit 
to compensate for variatidns in transistor current gain. 
This adjustment allows control of the idling current for 
both the output and driver devices. This control is also 
useful if the amplifier is operated from a supply other 


| than 28 volts. 
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Even with the biasing control, it is strongly suggested 
that the output transistors be beta matched. As with any 
push-pull design, both dc current gain and power gain at a 
midband frequency should be matched within about 15- 
20%. This matching may require more stringent limits if 
broad-banding is necessary since broad-band operation re- 
quires more effective cancellation of even harmonics. In 
the engineering model used, the transistors were not per- 
fectly matched. Four “similar” pairs were selected froma 
total of ten randomly chosen 2N5942 transistors. Table I 
shows the measured harmonic suppression which is degrad- 
ed by the mismatch in the output transistor parameters. 
This data was taken with a single frequency test and 
80 watts average output. 


TABLE | — HARMONIC SUPPRESSION OF 28'V AMPLIFIER 
AT FULL OUTPUT POWER 


Frequency 


A 2N6370 transistor isemployedas a driver. This device 
is specified at -30 dB IMD when delivering 10 watts (PEP). 
However, at about 4.5 W (PEP) output, which is the maxi- 
mum necessary to drive two 2N5942 transistors, the IMD 
is typically better than -40 dB with Class B biasing. A 
quiescent collector current level of at least 10-15 mA pro- 
vides best IMD performance with the 2N6370. Higher 
current levels will not improve linearity, but will degrade 
driver efficiency. 


C1 — 0.033 uF mylar 

C2, C3 — 0.01 UF mylar 

C4 — 620 pF dipped mica T1 — 4:1 Transformer, 6 turns, 2 twisted pairs of #26 AWG 
C5, C7, C16 — 0.1 WF ceramic enameled wire (8 twists per inch) 

C6 — 100 uF/15 V electrolytic T2 — 1:1 Balun, 6 turns, 2 twisted pairs of #24 AWG 

C8 — 500 uwF/6 V electrolytic enameled wire (6 twists per inch) 


cg, C10, C15, C22 — 1000 pF feed through T3 — Collector choke, 4 turns, 2 twisted pairs of #22 AWG 
C11, C12 — 0.01 LF enameled wire (6 twists per inch) 


Cis ent = 0.015 KF mylar T4— 1:4 Transformer Balun, A&B — 5 turns, 2 twisted pairs 
C17 — 10 HF/35 V electrolytic of #24, C — 8 turns, 1 twisted pair of #24 AWG enameled 
C18, C19, C21 — Two 0.068 HF mylars in parallel wire (All windings 6 twists per inch). (T4 — Indiana 
C20.— 0.1 uF disc ceramic General F624-19Q1, — All others are Indiana General 


agen o a ceeLan F627-8Q01 ferrite toroids or equivalent.) 


R2 — 47 2, 1/2 W carbon 
R3 —8202,1Wwirew PARTS LIST 
R4— 35 2,5 WwireW L1 — .33 #H, molded choke Q1 — 2N6370 


R5, R6 — Two 150 22, 1/2 W carbon in parallel L2, L6, L7 — 10 wH, molded choke Q2, Q3 — 2N5942 
R7, R8 — 10 2, 1/2 W carbon L3 — 1.8 WH (Ohmite 2-144) Q4 — 2N5190 
R9, RW — 1k, 1/2 W carbon L4, L5 — 3 ferrite beads each D1 — 1N4001 
R10 —1k,1/2W potentiometer L8, LO — .22 4H, molded choke D2 — 1N4997 
R12 — 0.85 2 (65.12 or 43.3 2 1/4 W resistors in parallel, 
divided equally between both emitter leads) , J1, J2 — BNC connectors 


FIGURE 1 — 160 Watt (PEP) Broadband Linear Amplifier 


FIG URE 2 — Photo of 28 V Linear Amplifier FIGURE 3 — Photo of Back Side of 
28 V Linear Amplifier 
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502 
Unbalanced 


Multiple Line transformers must be wound bifilarly, 
although not shown here 
NOTE: Pictures do not indicate actual number of turns. 


FIGURE 4 — Transformer Details for 28 V Linear Amplifier 


Two twisted 
pairs 
Pair #1 
e 5 
To bases of 
Pair #2 transistors 
T2 
Feedback 


To compensate for variations in output with changes in 
Operating frequency, negative voltage feedback is employed 
on both the final amplifier and driver stages. At the low 
end of the desired frequency band, approximately 4.5 dB 
of feedback is introduced in the final stage and 15 dB in 
the driver stage. With this feedback and the feedback net- 
works shown in the schematic diagram, Figure |, a total 
gain variation of 0.5 dB was measured on an engineering 
prototype amplifier over a 3-30 MHz range. The total gain 
differential in three identical amplifiers constructed for 
evaluation was less than 1.5 dB. 


Transformers Employed 


In order to achieve the desired broadband response, 
transmission line-type transformers were employed for 
‘coupling and signal-splitting. These transformers utilize 
twisted-pair windings and toroidal cores. Transformers T1, 


T2and T3 have turn ratios of 4:1, 1:1 and 1:4 respectively. 
Additional information on these transformers can be found 
in the references. A short description of each of the trans- 
formers will follow. 


Transformer T1 provides an impedance transformation 


to match the 50 Q source to the low impedance level 


required at the base of Q1. This transformer consists of 
six turns of two twisted pairs wound on a toroidal core. 
The two pairs (four separate wires), are twisted together 
and the two wires from each original pair are soldered 
together at each end. Each pair thus connected is shown 
as a single wire in Figure 4. The pairs. can. easily be 
identified by choosing wires with two different colors 
of insulation. fis 

Transformer T2 is a 1:1 Balun consisting of six turns of 


two-twisted pairs of wire (four wires total). As shown in 
Figure 4 each of the pairs is treated as a single wire. 


Transformer T3 consists of four turns of two twisted 
pairs. Again both wires of each pair are soldered together 
at each end. 


Transformer T4 is a 1:4 ratio unbalanced to balanced 
unit with three separate windings. 

A lumped-constant equivalent conventional transformer 
diagram of transformer T4 is shown in Figure 5. The two 
windings in a single twisted pair are indicated by similar 
capital and lower case letters (i.e. windings Aanda). The 
output line of the balun is in the same direction as windings 
A and B while the grounded line is in the opposite direction 
from the winding it is connected to. Windings A, a, B and 
b consist of 5 turns of two twisted pairs while C and c are 
formed from eight turns of a single pair. Connections are 
shown in Figure 4. The three windings are bifilar wound, 
although for simplicity the figures do not show this. 

Referring to Figure 5 the equivalent connection diagram 
of T4. it can be seen that the sum of the voltages across ¢ 
and C should be equal to the voltage across windings DE. 
From this, winding cC (a twisted pair) should have twice 
as many turns as twisted pairs aA and bB. Deviations of 
about 10-20% from the 2:1 ratio do not produce 
noticeable effects. 


FIGURE 5 — Equivalent Lumped Element Form of T4. 


The ferrite core used for T4 in the parts list of Figure | 
has a specified maximum flux density of about 100 gauss. 
The flux density may be computed from equation |. 


z Vx 108 ; 
Bmax 444 fnA gauss | (1) 
where: 


V = RMS voltage across the winding = 89 
f = frequency in Hertz =3x 10° 
n = number of turns (windings Aa and Bb only. 
Windings Cc cancel each other) = 20 
A = cross sectional area of Toroid in Cm2 = 0.25 
4.44 = 20 x 0.707 
therefore: 


89x 108 es 
Bmax = 744 (3 x 106) 20(.25) Loo eps 


Despite this slight overrating, this density is not exces- 
sive. 


Amplifier Performance 
The data shown in the following curves was obtained 


from measurement performed on an engineering model of 
the 28 V 160 Watt (PEP) amplifier. 


Vec = 28 V 
# = 30, 30.001 MHz 


2 

= 

Q 

2 

Pout (W) PEP 
FIGURE 6 — IMD asa Function of Output Power 
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FIGURE 9 — Power Gain versus 
Frequency 
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FIGURE 11 — VSWR versus Frequency 
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AN 80 WATT (PEP) 12.5 — 13.6 V AMPLIFIER 

To complement the 28 Volt amplifier discussed pre- 
viously, a second amplifier designed for 12 V Operation 
was constructed and evaluated. This amplifier is shown in 
Figures 12, 13 and 14. It utilizes a 2N6367 and a pair 
of 2N6368 transistors. The 2N6367 transistor is employed 
as a driver and is specified for up to 9 watts (PEP) out- 
put. In the amplifier design the driver must supply only 
5S watts (PEP) at 30 MHz with a resulting IMD perform- 
ance of about -37 to -38 dB. At lower Operating 
frequencies, drive requirements drop to the 2-3 Watt (PEP) 
range and IMD performance improves to better than 40 dB. 
The 2N6367 data sheet suggests a quiescent collector cur- 
rent of 35 mA, but it was found that increasing this to 
40 mA yielded somewhat better linearity in broadband 
Operation. 

Two 2N6368 transistors are employed in the final stage 
of the transmitter design in a push-pull configuration. 
These devices are rated at 40 Watts (PEP) and -30 dB 
maximum IMD, although -35 dB performance is more 
typical for narrow band operation. 

The 2N6368 data sheet suggests a quiescent collector 
current level of 50 mA, but a level of 60 mA for each 
transistor was used in this design for improved linearity. 

Without frequency compensation, the completed ampli- 
fier can deliver 90 Watts (PEP) in the 25-30 MHz band 
with IMD performance down -30 dB. If only the power 
amplifier stage is frequency compensated, 95 Watts (PEP) 
can be obtained at 6-10 MHz. 


Gain Compensation 

Negative collector-to-base feedback is employed in both 
the driver and output stages for gain compensation. The 
feedback networks consist of: a) a dc blocking capacitor, 
b) a series resistor, to limit the amount of feedback at the 
low frequencies and c) a series inductor with a parallel 
resistor to determine the feedback slope. 

In general, the use of negative feedback lowers the 
input impedance, and reduces the gain of the amplifier. 
However, it also improves the linearity since some of the 
output signal is fed back to the input and reamplified, 
tending to cancel the distortion originally generated. This 
is only true at the low frequencies where the phase errors 
are small. The phase error is caused by reactive elements 
in the feedback path. Since the basis for the compensation 
is to introduce more feedback at low frequencies, it will 
also equalize the input impedance to some degree. This, 
in turn, should result in a lower VSWR over the band. 

The following two tables illustrate the affect of com- 
pensation on the final amplifier stage. This data was taken 
with a 9:1 ratio transformer connected between 50 Q 
source and the input balun to the final stage. 

From this table it can be seen that efficiency is reduced 
by applying compensation. For this reason only 3 dB 
of compensation was utilized on the final Stage. The driver 
Stage, where efficiency is not of primary concern, was 
actually over compensated. This stage has a gain of 16 dB 
at 30 MHz but only 13 dB at 3 MHz. 


C7 


C1 c3 mie 


C1,C14,C18 — 0.1 uF ceramic. 

C2, C7, C13, C20 — 0.001 uF feed through. 
C3 — 100 pF/3V. 

C4, C6 — 0.033 uF mylar 

C5 — 0.0047 uF mylar. 

C8, C9 — 0.015 and 0.033 uF mylars in parallel. 
C10 — 470 pF mica. 

C11,C12 — 560 pF mica. 

C15 — 1000 uwF/3 V 

C16, C17 — 0.015 wr mylar 

C19 —10pF 15V 

C21, C22 — two 0.068 KF mylarsin paraliel. 
C23 — 330 pF mica 

C24 — 39 pF mica 

C25 — 680 pF mica 

C26 — .01 WF ceramic 


R1,R6,R7 — 10 82, 1/2 W carbon. 
R2 —512, 1/2 W carbon 

R3 — 240 2, lwireW 

R4,R5 — 18 2, 1 W carbon 

R8, RO — 27 2,2 Wearbon 

R10 — 33 2, 6 W wire W 


FIGURE 12 — Schematic Diagram of 12.5 V Amplifier 


FIGURE 13 — Photo of Top View of 
12.5 V Linear Amplifier 


FIGURE 14 — Photo of Bottom of 12.5.V 
Linear Amplifier 
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L1 -— 0.22 uh molded choke 

L2,L7, L8 — 10 uh molded choke 

L5, L6 - 0.15 wh 

L3 — 25 t, #26 wire, wound ona 100 ©, 2 W resistor. (1.0 uh) 
L4, LQ — 3 ferrite beads each. 


T1— 2 twisted pairs of #26 wire, 8 twists per inch. A = 4 turns, 
B = 8turns. Core- -Stack pole 57-9322-11, indiana General! 
F627 -8Q01 or equivalent 

T2 — 2 twisted pairs of #24 wire, 8 twists per inch, 6 turns. 
(Core as above.) 

T3 — 2 twisted pairs of #20 wire, 6 twists per inch, 4 turns. 
(Core as above.) 


T4 — A and B = 2 twisted pairs of #24 wire, 8 twists per inch. 
5 turns each. C = 1 twisted pair of #24 wire, 8 turns. 
Core - - Stack pole 57-9074-11, Indiana General F624-1901 
or equivatent. 


Q1 — 2N6367 
Q2, Q3 — 2N6368 


D1 — 1N4001 


D2 — 1N4997 J1,J2 — BNC connectors 
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TABLE I] — PERFORMANCE OF 12.5 V OUTPUT STAGE WITH 
AND WITHOUT GAIN COMPENSATION 


With Feedback 


502 
Unbalanced 


Balanced 
T4 


FIGURE 15 — Transformer Details for 
. 12.5 V Linear Amplifier 
(See Figure 4) 


Transformer TI consists of two twisted pairs of wires 
which can be wound on either a single or two separate 
toroids. In the two core approach, both windings have an 
equal number of turns (four). If a single core is utilized, 
winding Aa uses four turns while winding Bb uses eight 
turns. These lines must be wound bifilar on the core. See 
Figure 15. The single core approach was used in the 
engineering model. | 
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FIGURE 16 — Equivalent Lumped Element 
Form of T1 


A lumped-constant equivalent conventional transformer 
diagram of transformer T1 is shown in Figure 16. Exami- 
nation reveals that since winding B is directly in parallel 
with the series combination of aA, line Bb must have twice 
the number of turns as winding Aa. (The lower case and 
capital letters refer to the two wires in a given twisted- 
pair). As an example of the voltage relationships for the 
various windings in this transformer, an arbitrary 3 Vinput 
has been shown in the Figure. It can be seen that the 
voltages generated across windings b and Bare out of phase 
and cancel each other. Therefore, the resulting output 
is 1 V(3 V-2 V). | 

This transformer may be considered asa combination of 
a 4:1 ratio transformer (aA) and a 1:1 balun (bB), where 
the balun performs the voltage subtraction. 


Transformer T2 consists of two twisted pairs ona single 
core. Both wires of each pair are soldered together at each 


end. See Figure 15. 
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Transformer T3 also uses two twisted pairs wound ona 
single core. Each pair is treated as a single wire by solder- 
ing the two wires at each end. 


Transformer T4 uses three separate bifilar windings on 
a single core. Windings aA and bB are balanced while Cc 
is unbalanced. Both aA and bB utilize five turns and Cc 
uses eight turns. This is the nearest whole number of turns 
possible to the desired ratio of 1:1.5 for winding Aa and 


Bb to winding cC. Deviations of 10-20% of this ratio are 
allowable without noticeable effects. 
Figure 17 shows the lumped equivalent transformer of 
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FIGURE 17 — Equivalent Lumped Element Form of T4 


T4 and the ratio of voltages on the various windings if one 
volt is applied to the input. It can be seen that the voltage 
developed across c and C must equal the voltage between 
points D and E on the diagram. Since windings A and b 
are paralleled and connected to the input, they see one 
volt. Thus the voltage from point D to point E would be 
3 V(1 V from A and b plus | V from winding a plus | V 
from winding B). Therefore, the output voltage is 3.0 volts 
and the voltage across winding c = -1.5 V and winding 
C=15 V. 

When using twisted-pair transmission line transformers, 
windings with four or more pairs should be avoided as it 
is difficult to twist such lines uniformly. 

A second amplifier was evaluated with T4 replaced by 
a balun and an unsymmetrical 1:9 ratio transformer. Per- 
formance results were very similar to that obtained from 
the first version except that much more high frequency 
compensation was necessary. This was required because 
it is difficult to obtain the low characteristic impedance 
required for the balun. For this reason capacitors C10, 
C11,C12 and C25 were unusually large in value. 


Performance 


Typical performance of the 12.5 volt linear amplifiers 
is provided in the following curves. A calibration curve 
for use to correlate low frequency readings on a power 
meter is also given in Figure 24. 

The harmonic suppression measurements taken at full 
output power levels with a single tone test are illustrated 
in Table II. This data suggests that a suitable low-pass 
filter between the amplifier output and the antenna will 
be required to meet harmonic suppression requirements. 
This filter’s necessity is common to most broadband ampli- 
fier designs. 
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Pout Max (PEP) @ IMD — 30 dB (MD (dB) 


80 W (PEP) 


IMD @ Pout 
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FIGURE 18 — IMD asa Function of Output 
Power For Push-Pull Linear Amplifier 
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FIGURE 19 — Maximum Output Power @ 
-30 dB IMD versus Vcc for 12.5 V 
Power Amplifier 


Frequency (MHz) 


FIGURE 20 — IMD versus Frequency 
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FIGURE 23 — VSWR versus Frequency 
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FIGURE 24 — Response of H.P. 431-432 Power 
Meters at Low Frequencies 


Transformer Data 

As with the 28 Vamplifier, transmission line type trans- 
formers are employed throughout the 12 V design. Al- 
though this type of transformer does not provide optimum 
impedance match, it is easy to duplicate for consistant 
performance results. A similar amplifier was constructed 
with a standard 2:1 ratio coupling transformer instead of 
the 1:1 ratio balun (T2). This amplifier featured a 40-60% 
improvement in VSWR at all frequencies while gain and 
IMD were basically unchanged from the performance of 
the, model using transmission line type transformers. 

Splitting the compensating capacitor for transformer 
T2 into three parts (C10, C11 and C12) will result in 
considerably lower IMD at higher frequencies. Capacitors 
C11 and C12 should be well matched and therefore should 
be either +5% or better tolerance fixed value units, or 
variable capacitors such as Arco 466 and 469. 

Two factors must be considered in the choice of toroidal 


‘core materials. The first is core losses. The second is the 


power handling capability which is limited by both mag- 
netic saturation and heat generation. 

For the input transformer (T1) core losses are of primary 
concern. For the material chosen in this design, a loss 
factor of 1-2 mW/cm? at 3 MHz is typical. This increases 
to 5-10 mW/cm3 at 30 MHz. For the size of core used in 
T1, a maximum core loss of 1.5-7.0 mW can be expected. 
While this figure seems negligible, it is advantageous to 
use the smallest practical sized core for the input trans- 
former consistent with the wire size and required number 
of turns. 

Conversely the core of the output transformer (T4) 
should be as large as possible to be able to handle the 
required power levels and remain in the linear Operating 
region of the materials’ B-H curve. If the core is Operated 
near the saturation region of the core material, distortion 
will be generated on the carrier and envelope. This satura- 
tion occurs first at low frequencies. However, core heating 
due to losses is most prevalent at higher frequencies, being 
a function of flux density and operating frequency. The 
maximum recommended flux density for a 1/2” O.D. toroid 
(such as Indiana General F627-8 or Stackpole 57-9322), 


is 45 to 70 gauss. From the B-H curves it can be seen that 
this is well into the linear region. 

For the 12-volt amplifier, a flux density of roughly 
180 gauss would be required for a 1/2’ O.D. core. Use 
of a larger core reduces the density to about 130 gauss. 
As stated in the 28 V amplifier section, although this is in 
excess of the 100 gauss limit suggested for the particular 
core type, it was not found to be excessive. In fact, some 
of the 1/2’ O.D. toroids were tested at three to four times 
the maximum recommended flux density, and then com- 
pared toa larger toroid of the same material. The distortion 
in each core was small enough not to be noticed in an 
oscilloscope. However, there was some amount of heat 
generated in the small toroid at the high frequencies. Exces- 
sive heating is the primary problem that one should be 
first concerned about. 


As a rule of thumb, the required minimum transformer 
inductance can be determined to have at least 4-5 times 
the reactance of the high impedance port at the lowest 
operating frequency. This means that for T4, the reactance 
would be 250 ohms, which corresponds to roughly 14 wH 
at 3 MHz . 

Employing a different wire size or wire with a different 
thickness of dielectric or changing the number of twists 
per inch will alter the line impedance. However, this is 
one of the least critical points in the design of broadband 
linear amplifiers and will mainly affect the amount of 
high frequency compensation required. The variations in 
the transistor input and output impedance over a decade 
frequency range are several times larger than the changes 
in transformer impedance due to wire sizes or twist vari- 
ations. Although compromises in matching are necessary 
to tune the wide frequency range, they are most serious 
in the output stage where a mismatch can significantly 
degrade total linearity. 

The maximum theoretical linear output powers for 
the 28 V and 12.5 V amplifiers would be 120 W and 50 W 
respectively, when 4:1 and 9:1 output transformers are 
employed. . 

However, due to stray inductances in the circuit, and 
line impedances usually being higher than optimum, the 
actual impedance ratios of the transformers will be 
somewhat higher. 

Thus, if the phase and even harmonic distortions are 
minimized it is possible to obtain higher power levels with 
fairly low IMD readings despite slight flat-topping of the 
envelope. 


Construction Notes (12.5 V version) 


The circuit board for both amplifier designs is made of 
two-sided copper-fiberglass laminate.” A full sized pattern 
is given in Figures 25 and 26. The ground planes on each 
side are connected together at several points with the feed- 
through capacitors, the BNC connectors and the mounting 
screws. From experience with an earlier broadband ampli- 
fier, it was learned that a good ground plane is extremely 
important because of the high currents and low impedance 
levels involved. The power supply impedance must be as 
low as possible. | | 


The ac impedance of the supply should not be higher 
than 0.01 ohm at the lowest envelope frequency. 

All dc connections are made on the back side of the 
board which is separated from the heat sink by 3/32 inches. 
The base bias resistors (R3, R10), and all by-pass capacitors, 
except the feed-throughs, are on the back side of the 
board in each end of the heat sink. Diode D2 is press 
fitted into the heat sink for temperature compensation 
of the quiescent collector currents of the 2N6368 tran- 
sistors. Ceramic capacitors have been avoided, except 
for certain by-pass applications, because they have spurious 
resonances and, their capacitance values are voltage and 
temperature sensitive. Parallel capacitors are employed to 
increase the current carrying capability and to decrease 
the possibility of self resonances. The peak RF current in 


FIGURE 25 — Bottom PC Board Pattern 


FIGURE 26 — Top Side of PC Board 


TABLE Itf - HARMONIC SUPPRESSION versus FREQUENCY 


Frequency 


the output transformer primary is / 80 W = 3.54A. Half 
6.25 {2 


of this is supplied by each 2N6368. Thus, the collector 
isolation capacitors will have to handle 1.77A peak and 
1.26A average currents. Even the lead sizes in most ca- 
pacitors are insufficient for these current levels. In general, 
the low impedances involved in a 12.5 volt amplifier of 
this power level make the layout, construction and com- 
ponent selection somewhat critical compared to a higher 
voltage unit. 


CONSTRUCTION NOTES (28 V version) | 

The 28 volt unit is less critical than the 12.5 V ampli- 
fier as far as the physical circuit lay-out is concerned. How- 
ever, the same precautions should be taken in grounding 
the by-pass capacitors and the transformer high frequency- 
compensation capacitors. It is recommended that variable 
capacitors, such as the ARCO 460 line be used initially 
for the compensating capacitors. Then after establishing 
satisfactory operation of the unit, they can be changed to 
fixed value capacitors. 


IMPROVED PERFORMANCE 


Since the original work on these amplifiers, device im- 


provements have been made. Both IMD and load mis- 
match ruggedness characteristics can be enhanced by sub- 
stituting the MRF463 or MRF464 for the 2N5942 in the 
28-Volt amplifier. The MRF460 is recommended for up- 
grading the 12-Volt amplifier using the 2N6368. Neither 
of these new devices require circuit modifications for 
optimum operation. 
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The RF Line 40 W (PEP)—30 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


.. . designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 


equipment. 


e@ Specified 28 Voit, 30 MHz Characteristics — 
Output Power = 40 W (PEP) 
Minimum Gain = 13 dB 
Efficiency = 40% 


Intermodulation Distortion = -30 dB (Max) 
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FIGURE 1 — 30 MHz TEST CIRCUIT 
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(80-480 pF) 


ARCO 469 
(170-780 pF) 


RFC: 20 TURNS #12 AWG ENAMELED WIRE CLOSE WOUND IN 2LAYERS, 1/4°1.D. Vgg adjusted for !cq: 20 mAdc = (ICQ = Quiescent 
Ti: 20 TURNS #24 AWG WIRE WOUND ON MICRO-METALS 137-7 TOROID Collector Current) 
ROHe CENTER AEP EO: C1 - 80-480 pF, ARCO 466 or Equiv 
T2: 1:9 XFMRA; 6 TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. 
(8 CRESTS PER INCH) BIFILAR WOUND ON EACH OF 2 SEPARATE BALUN CORES. C2 - 220 pF 
(Stackpole 457-1503, Na. 14 Materiaf) Interconnected as shown . 
RF BEAOS: FERROXCUBE #56-590-65/38 
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2N5941 


“ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1¢ = 100 mAdc, 1g =0) ~ 


Collector-Emitter Breakdown Voltage 
(Il¢ = 100 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vce = 28 Vdc, Vege = 0, To = +§5°C) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(Ic = 0.25 Adc, Veg = 15 Vdc, f = 50 MHz) 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
| (Pout = 40 W (PEP), Ic = 1.78 Adc (Max), Veg = 28 Vdc, 
fy = 30 MHz, fg = 30.001 MHz) 


intermodulation Distortion Ratio (Figure 1) 
(Pout = 40 W (PEP), Ic = 1.78 Adc (Max), Vcc = 28 Vdc, 


fy = 30 MHz, f2 = 30.001 MHz) 


Collector Efficiency 
(Pout = 40 W (PEP), Ic = 1.78 Adc (Max), Voc = 28 Vdc, 
fy = 30 MHz, fo = 30.001 MHz) 


* Indicates JEDEC Registered Data. 


AA MOTOROLA Semiconductor Products Inc. 
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2N5941 


FIGURE 2 FIGURE 3 


LINEAR OUTPUT POWER versus FREQUENCY INTERMODULATION DISTORTION versus OUTPUT POWER 
. (f4 = 30 MHz, fg = 30.001 MHz) 


Vcc = 28 Vde 
icq = 20 mA 


Pout, OUTPUT POWER W (PEP) 
=) 
IMD, INTERMODULATION DISTORTION (dB) 


| ian Se a a a 
Ica = 20 mA a = 
10 pm rt ate Ones ae 
: = se 
een ee ae 
: 3.0 5.0 710 10 20 30 
f, FREQUENCY (MHz) Pout, RF OUTPUT POWER W (PEP) 
FIGURE 4 


OUTPUT POWER versus INPUT POWER 


80 
a 
a TWO TONE TEST: = a 60 TWO TONE TEST: 
ase aE 
oz 2 = 30.001 MH | ae = (2 = 4.001 MHz 
: | | | a ee 
~ 5 40 | 
5 ios a 
3 a na ea 
Oo me 
: me 3 [an ae 
: a a a i 
a 
bewilaad : ae 
Pin, INPUT POWER W (PEP) Pin, INPUT POWER mW (PEP) 
FIGURE 5 
LINEAR OUTPUT POWER versus SUPPLY VOLTAGE 
(f_ = 30 MHz, fo = 30.001 MHz) 
80 
IMD = -30 dB, 
ica =20mA icq = 20 mA 
= Cy 
60 a 
i 2 
2 = 
a 40 be 
e | | J : 
a. — 
= > 
aes : 
en ee eee 3 
iat oak Oe : 
1 ee 
90 12 15 18 21 24 27 30 33 
Vec, SUPPLY VOLTAGE (VOLTS) Vcc, SUPPLY VOLTAGE (VOLTS) 


(AA) MOTOROLA Semiconductor Products Inc. 


2N5941 


FIGURE 7 
PARALLEL EQUIVALENT INPUT CAPACITANCE 


FIGURE 6 
PARALLEL EQUIVALENT INPUT RESISTANCE 


versus FREQUENCY 


versus FREQUENCY 


28 Vdc 
20 mA 


Pout = 40 W (PEP) 


Vcc 
Ica 


(49) JONVLIOWdV9 


ANdNi LNFIVAINGS WTI Wed “9 


Vcc = 28 Vdc 
ica = 20 mA 
Pout = 40W (PEP) 


(SWHO) JONV1SISIY 
LNdNI LNZIVAING| W31IWHVd 


f, FREQUENCY (MHz) 


f, FREQUENCY (MHz) 


FIGURE 9 


COLLECTOR CURRENT 
versus BASE-EMITTER VOLTAGE 


FIGURE 8 
PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


versus FREQUENCY 


Vec = 28 Vdc 
Ica = 20 mA 
Pout = 40 W (PEP) 


(39) 39NVLIOVdW9 
LNdLNO INFTVAINDS WIT Wed 199 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


f, FREQUENCY (MHz) 


FIGURE 10 
SAFE OPERATING AREA 


30 50 =100 


10 


3.0 5.0 


1.0 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(MWY) LNJHHND HO19397109 9) 


(AA) RIOTOROLA Serniconductor Products inc. at 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


‘ae The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for applications as a high-power linear ampli- 
fier from 2.0 to 30 MHz. 


@ Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 150 W(PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 
@ Intermodulation Distortion @ 150 W(PEP) — 
IMD = -30 dB (Min) 
@® 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO pao 
Collector-Base Voltage VcBo 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 
PC Charactritc ——SSSS*d;CSvombot [Mx 
‘Thermal Resistance, Junction to Case | Rec | 06 | oc | 


MRF422 


150 W(PEP) — 30 MHz 
RF POWER 


TRANSISTOR 


NPN SILICON 


SEATING PLANE 


STYLE 1: 
PIN 7. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


vo eanMe TERS wets 
| MIN | MAX | 


| MIN | MAX | 
| A | 24.64 |24.89 | 0.970 | 0.980 
[8B 12.45 [12.95 | 0.490 10.510 | 

| 0.209 | 0.267 _| 


CASE 211-08 


MRF422 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 

| Coliector-Emitter Breakdown Voltage | BVcEO 35 Vde 
(1¢ = 200 mAdc, |g = 0) 

| Coltector-Emitter Breakdown Voltage | BVcES | 

(tc = 100 mAdc, Vge = 0) | 
Collector-Base Breakdown Voltage BVcBoO Vde 

(I¢ = 100 mAdc, |g = 0) 

Emitter-Base Breakdown Voltage BVERO 3.0 . 
(te = 10 mAdc, Ic = 0) 

Collector Cutoff Current IcES 10 mAdc 
(VcE = 28 Vdc, Vee = 0, Te = 25°C) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob | 350 420 pF 
(Vog = 28 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


| Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pouy = 150 WIPEP), IC(max) = 6.7 Adc, 
tco = 150 mAdc, f = 30, 30.001 MHz) 


| Collector Efficiency 
| (Voc = 28 Vde, Poy = 150 WIPEP), Ic(max) = 6-7 Ade, 
Icq = 150 mAdc, f = 30, 30.001 MHz) 


Intermodulation Distortion * 


(VoE = 28 Ve, Poyt = 150 Watts(PEP), Ic =6.7 Adc, 


IMD | ; -33 | -30 | | 
IcQ = 150 mAdc, f = 30, 30.001 MHz) 
Output Power 150 Watts PEP 
(Vce = 28 Vdc, f = 30 MHz) 


*To Mil Std 1311 Version A, Test Method 2204, Two Tone, Reference each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


C1,2,3,5 — 170-680 pF, ARCO 469 L1—3 Turns, #16 Wire, 5/16" '.0., 5/16’ Long 

C4 — 80-480 pF, ARCO 466 L2 — 10 uH Molded Choke 

C6,8,11 — ERIE 0.1 uF, 100 V L3 — 12 Turns, #16 Enamaled Wire, Close Wound, 1/4" Dia. 
C7 — MALLORY SOO KF, 15 V Electrolytic L4 — 5 Turns, 1/8’ Copper Tubing 

c9 — UNDERWOOD 1000 pF, 350 V LS — 10 Ferrite Beads — FERROXCUBE #56-590-65/3B 
C10 ~ 100 uF, 15 V Electrolytic 

R1 — 10 92, 25 Watt Wire Wound 

R2 — 10 8, 1 Watt Carbon 

CR1 — 1N4997 


3 AA RMIOTOROLA Semiconductor Products Inc. 
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MRF422 


Pout. QUTPUT POWER (WATTS PEP) Pout. OUTPUT POWER (WATTS PEP) 


Ic, COLLECTOR CURRENT (AMP) 


FIGURE 2 — OUTPUT POWER versus INPUT POWE 


Gpe, POWER GAIN (dB) 


Vcc =28V 
icg= 150 mA 
Pout = 150 W PEP 


Pin, INPUT POWER (WATTS PEP) f, FREQUENCY (MHz) 


FIGURE 3 ~ POWER GAIN versus FREQUENCY 


ee on a 0 aoe 
i aay) 


FIGURE 4 — LINEAR OUTPUT POWER FIGURE 5 — INTERMODULATION DISTORTION 
versus SUPPLY VOLTAGE versus OUTPUT POWER 


ee te ete 
Pe ce eae ea 


IMO, INTERMOOULATION DISTORTION (dB) 


iW TE 


“0 40 80 120 


TI Et 
BRNEEE 


160 200 


Vcc, SUPPLY VOLTAGE (VOLTS) Pout. OUTPUT POWER (WATTS PEP) 


FIGURE 6 ~ DC SAFE OPERATING AREA 


ot tt Tt tt Tt 


0 100 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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FIGURE 7 — SERIES INPUT IMPEDANCE 


. a 28 V 
-, I¢g=150mA ; 
” Pout = 150 W PEP. 


ay Treacy 
- St MHz 


cP 30 
} 16 4. 
7-42. 
2 


MRF422 


FIGURE 9 — OUTPUT CAPACI TANCE 


FIGURE 8 — OUTPUT RESISTANCE versus FREQUENCY 


versus FREQUENCY 


TTT TTT, 
Coy 


a) wo “A 
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Cee 
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Icq = 180 mA 
a | 


Veco =28V 


Ae 


30 


f, eat (MHz) 


f, FREQUENCY fait 
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MOTOROLA MRF427/A 


Semiconductors 


BOX 20912 46 PHOENIX, ARIZONA 85036 


The REF Line 


25 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


. designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. Ideal for marine and base sta- 
tion equipment. 


® Specified 50 Velt, 30 MHz Characteristics — 
Output Power = 25 W(PEP) 
Minimum Gain = 18 dB 

@ Intermodulation Distortion @ 25 W(PEP) — 
IMD = -34 dB (Min) 


® 100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR" 


SEATING PLANE 


MAXIMUM RATINGS 


a a 


intr Voie [Vea [ 0 vee 
a 


Total Device Dissipation @ Tos 25°C 80 Watts 
Derate above 25°C 0.457 ale 
THERMAL CHARACTERISTICS 


_ wrens Stet ae 


PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


tT 
|u| 


145A-10 


MRF427A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 65 Vde 

» (Ig = 200 mAdc, fp = 0) 

Collector-Emitter Breakdown Voltage BVCES Vde 
(Ic = 100 mAdc, VBE = 0) . 

Collector-Base Breakdown Voltage BVcgO 110 Vde 
(tc = 100 mAdc, I¢ = 0) 

Emitter-Base Breakdown Voltage BVEBO _ Mde 
(le = 10 mAdc, Ic = 0) | 


ON CHARACTERISTICS 


IOC Current Gain hee 15 | 
(Ic = 500 mAdc, VcgE = 5.0 Vdc} . 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 50 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 50 Vdc, Pout = 25 WIPEP), f = 30 MHz) 


‘intermodulation Distortion 
(Vcc = 50 Vde, Pout = 25 W(PEP)) 


Electrical Ruggedness 
(Vcc = 50 Vde, Pout = 25 WIPEP), f = 30 MHz, 
VSWR 30:1) No Degradation in Output Power 
All Phase Angles 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


ik T (i ee Vde 


— 
—_ 


—_ < RF Output 
i / ? 


RF Input 


C1,C2,C6 ARCO 469 Trimmer = 


C3 500 nF, 3 Vde Capacitor 

C4,C7,C10 0.1 uF ERIE REDCAP 1 HH Moided Choke 

cs ARCO 463 Trimmer 20 Turns, #20 AWG, Enameled Wire 
c8 1000 pF, UNELCO Capacitor on 390 (2, 1 Watt Resistor 

cg 47 MF, 50 Vdc Capacitor VK 200-4B FERROXCUBE Choke 
R1 20 22, 5 Watt Resistor 

R2 102, % Watt Resistor 

L1 0.15 WH Inductor 

L.2 0.3 WH Inductor 

D1 1N4997 


MOTOROLA Semiconductor Products ine. 
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MRF427A 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
40 Va 


f = 30 MHz 


x 
NaN 


Pout, QUTPUT POWER (WATTS) 


ONS 
CoUNE 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 
Vcc = 50 Vde 


w 
oO 


-35 


IMD, INTERMODULATION DISTORTION (dB) 


Pout: QUTPUT PQWER (WATTS PEP) 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY 


Veco =50V 
icq =40 mA 
Pout = 25 W PEP 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 


Cour, PARALLEL EQUIVALENT 


Gpe, POWER GAIN (dB) 


IMD, INTERMODULATION DISTORTION (dB) 


OUTPUT CAPACITANCE (pF) 


FIGURE 3 — POWER GAIN versus FREQUENCY. 


Icq = 40 
Pout = 


f, FREQUENCY (MHz) 


FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 
Vcc = 40 Vde 


Pout, OUTPUT POWER (WATTS PEP) 


FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 


pis ae ee SEE 


900 


Vee =50V 
Ico =40mA 
Pout = 25 W PEP 


5.6 
f, FREQUENCY (MHz) 


MOTOROLA Semiconductor Products inc. 
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1% 


MRF427A 


DC SAFE OPERATING AREA 


FIGURE 9 


FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 


20 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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40 IMD= d3 
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(dad SLLYVM) HAMOd LNGLNO 39% 


Vcc, SUPPLY VOLTAGE (VOLTS) 


IMPEDANCE 


FIGURE 10 — SERIES EQUIVALENT 
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MOTOROLA 
Semiconductors 


BOX 20912 « PHOENIX, ARIZONA 85036 


The REF Line 
150 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


MRF428A 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for high-voltage applications as a high-power 
linear amplifier from 2.0 to 30 MHz. tdeal for marine and base station 
equipment. 


@® Specified 50 Volt, 30 MHz Characteristics — 
Output Power = 150 W(PEP) 
Minimum Gain = 13 dB 
Efficiency = 45% 

@ Intermodulation Distortion @ 150 W (PEP) — 
IMD = -30 dB (Max) 


® 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


MAXIMUM RATINGS 


STYLE 1: 
PIN: 1, EMITTER 
‘2. BASE 
3, EMITTER 
4, COLLECTOR 


/MAX | MIN | MAX | 

1A | 12.45 [12.95 | 0.490] 0.510 | 
| 15.62 [16.13 | 0.615 | 0.635 | 

| C | 18.92 [21.46 | 0.745 | 0.845 
| 6.10 | 6.60 | 0.240] 0.260 | 


| 0.18 | 0.003 | 
LK | 12.32 [13.08 | 0.485 | 
LM _ | 
LP 
LR 
[S| 
LT | 


CASE 307-01 


MRF428A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Symbol | Min] Typ] Max [Unt] 


‘OFF CHARACTERISTICS 


(I = 100 mAdc, Vge = 0) 


| Collector-Base Breakdown Voltage 
(1¢ = 100 mAdc, !¢ = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 30 
(Ic = 5.0 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 50 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain 
(Vcc = 50 Vdc, Pout = 150 W (PEP) Ic(max) = 3.32 Adc, 
f = 30 MHz) 

Output Power 
(VcgE = 50 Vdc, f = 30 MHz) 

Collector Efficiency 
(Vcc = 50 Vdc, Poy; = 150 W (PEP), Ic(max) = 3.32 Adc, 
f = 30 MHz) 

Intermodulation Distortion (1) 
(VcE = 50 Vde, Poyt = 150 W (PEP), Ic = 3.32 Adc) 


Electrical Ruggedness 
(Voc = 50 Vdc, Poy, = 150 W (PEP), Ic(max) = 3.32 Adc, 
f = 30 MHz) 
VSWR 30:1 at ali Phase Angles 


No Degradation in Output Power 


(1) To Mil Std 1311 Version A, Test Method 22048, Two Tone, Reference Each Tone. 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


rCR1 
L 


L.3 


C1,C2,C7 170-780 pF, ARCO 469 R2 
C3,C8,C9 0.1 uF, 100 V ERIE CR1 
c4 500 uF @6V L1 
C5 9.0-180 pF, ARCO 463 L2 
or) 80-480 pF, ARCO 466 L3 
c10 30 uF, 100 V L4 
R1 10 $2, 10 Watt L5 


LS 
Ole ba DB + 


C8 cg c10 50 Vde 


2 La = 
C2 L1 ' ome RF 
, <4 C6 we Output 
7 i i : ~ 


10 82, 1 Watt 

1N4997 . 

3 Turns, #16 Wire, 5/16” 1.D., 5/16"’ Long 

10 WH Molded Choke 

12 Turns, #16 Enamaled Wire Closewound, 1/4" 1.D. 
5 Turns, 1/8’' Copper Tubing, 9/16” |.0., 3/4’’ Long 
10 Ferrite Beads — FERROXCUBE #56-590-65/38 
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MRF428A 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


FIGURE 3 ~ OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 — DC SAFE OPERATING AREA 


FIGURE 4 — POWER GAIN versus FREQUENCY 
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INTERMODULATION DISTORTION versus OUTPUT POWER 


50 Vdc 


FIGURE 7 — Vcc 


40 Vdc 


FIGURE 6 — Vcc 


f = 30, 30.001 MHz 
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MRF428A 


FIGURE 8 — OUTPUT CAPACITANCE versus FREQUENCY FIGURE 9 — OUTPUT RESISTANCE versus FREQUENCY 
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CTT jot sos 
Be 


Pout = 150 W PEP 


icq = 150 mA 
Pout = 150 W PEP 


Cout, PARALLEL EQUIVALENT 


OUTPUT CAPACITANCE (pF) 
Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 10 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


| Serniconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


.. . designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 
equipment. 


@ Specified 28 Volt, 30 MHz Characteristics — © 
Output Power = 80 W (PEP) 
Minimum Gain = 15 dB 
Efficiency = 40% 
intermodulation Distortion = ~32 dB (Max) 


@ Motorola Improved Single Die Replacement for 2N5942 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
‘Derate above 25°C 


THERMAL CHARACTERISTICS 


Characteristic 


FIGURE 1—30 MHz TEST CIRCUIT 


VeB 


1N2488 0.01 uF 


RFC 
0.1 pF 


ARCO 466 
(80-480 pF) 


ARCO 469 
(170-780 pF) 


RFC: 20 TURNS 412 AWG ENAMELED WIRE CLOSE WOUND IN2 LAYERS, 1/6° 1.0. 
Ti: 20 TURNS #24 AWG WIRE WOUND ON MICRO-METALS 137-7 TOROID 
CORE CENTER TAPPED. 
T2: 1:9 XFMR; 6 TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. 
(8 CRESTS PER (NCH) BIFILAR WOUND ON EACH OF 2 SEPARATE BALUN CORES. 
(Stackpole #57-1503, No. 14 Material) Interconnected as shown 
RF BEADS: FERROXCUBE #56-590-65/3B 


80 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON: 


. EMITTER 
. BASE 
. EMITTER 


. COLLECTOR C 


“SEATING PLANE 
MILLIMETERS| INCHES | 
MIN [MAX | MIN | MAX | 


A | 24.64 [24.89 | 0.970 [0.980 

| 8 [17.81 [12.95 | 0.465 [0.510 

Lc | 5.82 | 6.98 | 0.229 [0.275 | 
| O | 216 | 3.94 | 0.085 | 0.155 | 
PE | 2.13 [ 2.79 | 0.084 [0.110 | 
TF | 0.08 | 0.18 | 0.003 | 0.007 | 
Ga ted [ieee t o720 fo 730 | 
YK | 17.78 | ro700; ~ | 


CASE 211-10 


RF BEADS 


2000 pF 


; BUTTON 0.01 uF 25 pF 
FC : 
10 ul R | RL = 50 %2 
™ 


28 Vde 


Veep adjusted for cg: 40 mAdc (ICO = Quiescent 
Collector Current) 


Ci - 170-180 pF ARCO 469 or Equiv. 


C2 ~ 330 pF 


MRF463 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) . a 
[ __eharncrissc | Syemtot | min | Mex | Unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(t¢ = 100 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(t¢ = 100 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage 
(le = 1.0 mAdc, Ic = 0) 


| Collector Cutoff Current 
(VcE = 28 Vdc, Vege = 0, Tc = +55°C) 


ON CHARACTERISTICS | \ 


FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain (Figure 1) 
(Pour = 80 W (PEP), Ic = 3.6 Adc (Max), Vcc = 28 Vde, 
fy = 30 MHz, fo = 30.001 MHz) 


intermodulation Distortion Ratio (Figure 1) 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Vcc = 28 Vde, 


fy = 30 MHz, fz = 30.001 MHz) 


Collector Efficiency 
(Pout = 80 WIPEP), Ic = 3.6 Adc (Max), Vcc = 28 Vde, 
fy = 30 MHz, f2 = 30.001 MHz) 


MATCHING PROCEDURE 


In the push-pull circuit configuration two device parameters are critical for 
optimum circuit performance. These parameters are VgE(on) and hee. 
Both parameters can be guaranteed by measuring Icq of the devices and 
selecting pairs with a -Icq < 10 mAdc, 


Actual Icq matching is performed in the MRF463 test circuit with a VcE 
equal to 28 Volts. The base bias supply is adjusted to set icq equal to 40 
mAdc using'a reference standard MRF463. The Icq of all production MRF463 
transistors is measured using this base bias supply setting. The production 
MRF 463’s are tested and categorized in ranges of 10 mAdc. Finally, the devices 
are stocked as pairs with a guaranteed Sicg < 10 mAdc. 
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MRF463 


Pout. OUTPUT POWER (WATTS) 


Pout, QUTPUT POWER (WATTS PEP) 


Cout. PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


FIGURE @~ OUTPUT POWER versus INPUT POWER | 


0 O02 04 06 08 1.0 12 14 16 18 20 22 24 26 28 
Pyy, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY 
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FIGURE 5 — INTERMODULATION DISTORTION versus 
OUTPUT POWER 
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30 | 


MRF463 


ic, COLLECTOR CURRENT (AMPS) 


Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 — SERIES INPUT IMPEDANCE 
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MOTOROLA MRF464 


MRF464A 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 80 W (PEP) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


... designed primarily for applications as a high-power linear amplifier 
from 2.0 to 30 MHz, in single sideband mobile, marine and base station 
equipment. 


@ Specified 28 Volt, 30 MHz Characteristics — 
Output Power = 80 W (PEP) 
Minimum Gain = 15 dB 
Efficiency = 40% 


Intermodulation Distortion = -32 dB (Max) STYLE 1. 

PIN 1. EMITTER 
2. BASE 

3. EMITTER 


4. COLLECTOR 


MAXIMUM RATINGS 
SEATING PLANE 


MILLIMETERS] — INCHES 
pimM; MIN [MAX | MIN | MAX 
(A | 2464 (2489 | 0.970/ 0.980 
| B | 11.81 | 12.95 | 0.465 
1 C | 582 | 6.98 | 0.229 
(oj 5461 5. 0.235 


Collector Current — Continuous 


0.435 | 
,0.246 | 0.255 
4. 45° NOM 
ots [9.128 


0.115 | 0.130 


Total Device Dissipation @ Tc = 259°C 
Derate above 25°C 


Storage Temperature Range 


MRF464 


Characteristic 
Thermal Resistance, Junction to Case 
Stud Torque (1) 


(1) Case 145A For Repeated Assembly Use 11 In. Lb. 


SEATING PLANE 
WRENCH FLAT 


STYLE 1: 
PIN 1, EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of 


° 
S 
alate 


S| |2 s 
S|! (8 
wm ~ 


measuring hfe at the data sheet conditions and color cod- 
ing the device to predetermined hfe ranges within the 
normal hrE limits. A color dot is added to the marking on 
top of the cap. Any two devices with the same color dot 
can be paired together to form a matched set of units. 


aneescray 


0 
ae 


0.098 
1454-10 


MRF464A 
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MRF464 e MRF464A 


ELECTRICAL. CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Coilector-Emitter Breakdown Voltage 
(1¢ = 100 mAdc, Ig = 0) 


| Collector-Emitter Breakdown Voltage . 
(I¢ = 100 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage 
(ig = 1.0 mAdc, Ic = 0) 


Collector Cutotf Current 
| (VcE-= 28 Vdc, Vege = 0, Tc = +55°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.5 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vde, 
fy = 30 MHz, fo = 30.001 MHz) 


intermodulation Distortion Ratio (Figure 1) 
(Pour = 80 W (PEP), ic = 3.6 Adc (Max), Vcc = 28 Vac, 


fy = 30 MHz, f2 = 30.001 MHz) 


Collector Efficiency 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Vcc = 28 Vdc, 
f4 = 30 MHz, f2 = 30.001 MHz) 


FIGURE 1-30 MHz TEST CIRCUIT 
RF BEADS 


2000 pF 


1N248B 0.01 uF BUTTON 0.01 pF 25 uF 
RL = 5022 
a Cc 


0.1 uF wy, 


VBB 


28 Vdc 


ARCO 466 
(80-480 pF} 


ARCO 469 
(170-780 pF) 


RFC: 20 TURNS #12 AWG ENAMELED WIRE CLOSE WOUND IN 2 LAYERS, 1/4°1.D. Vp adjusted for ICQ: 40 mAds (iQ = Quiescent 
TI: 20 TURNS #24 AWG WIRE WOUND ON MICRO-METALS 137-7 TOROID Collector Current) 
CORE CENTER TAPPED. 
T2: 1:9 XFMR; 6 TURNS OF 2 TWISTED PAIRS OF #28 AWG ENAMELED WIRE. C1 — 170-180 pF ARCO 469 or Equiv. 
(8 CRESTS PER INCH) BIFILAR WOUND ON EACH OF 2 SEPARATE BALUN CORES. 
(Stackpole #57-1503, No. 14 Material) Interconnected as shown C2 - 330 pF 
RF BEADS: FERROXCUBE #56-590-65/3B 
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MRF464 e MRF464A — 


Put, OUTPUT POWER (WATTS) 


Pout, QUTPUT POWER (WATTS PEP) 


Cour, PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


100 


80 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 6 — OUTPUT CAPACITANCE versus FREQUENCY FIGURE 7 — OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 8 — DC SAFE OPERATING AREA 
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FIGURE 9 — SERIES INPUT IMPEDANCE 
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Get 


300 Watts PEP Linear Across 2 To 30 MHz 


From This Push-Pull Amplifier 


Prepared by: 
Helge Granberg 


(The heat sink shown with amplifier is sufficient only for short test periods under forced air cooling.) 


This bulletin supplies sufficient information to build a 
push-pull linear amplifier for 300 watts of PEP or CW 
output power across the 2- to 30-MHz band. One of 
Motorola’s new high-power transistors developed for 
single-sideband, MRF422, is used in this application. 


Like all transistors in its family of devices, MRF422 
combines single-chip construction that is advancing the 
state-of-the-art, and improved packaging to accomo- 
‘date the low collector efficiencies encountered in class 
B operation. Rated maximum output power is 150 
watts CW or PEP with intermodulation distortion spec’d 


at —30 dB maximum, —33 dB typical. Although not. 


recommended, a saturated power level of 240- to 250-W 
is achievable. Maximum allowable dissipation is 300 W 
at 259C. 


The amplifier’s output power is limited by an output 
matching transformer with a 3:1 turns ratio, correspond- 
ing to a 9:1 impedance ratio. The measured impedance 
ratio, however, is 10:1, approaching the optimum for a 
300-watt power level from a 28-volt supply. 


Because of its excellent load and line voltage regulating 
capabilities, an integrated circuit bias regulator is used in 
the amplifier. Load regulation typically measures less 
than 2% at current levels up to 0.5 A. The MPC1000 
regulator is rated for 10 A, and a dissipation of 100 W, 
when properly heatsunk. In this application, however, 
because the average base current of the rf power devices 
is less than 500 mA, no heatsink is necessary. With the 
component values shown, the bias is adjustable fro 

0.4 to 0.9 volts. 


Transformer Construction 


Gain flatness over the band is achieved using base input 
networks Rj Cy and RyC3 and negative feedback through 
R3 and Ry. The networks represent a series reactance of 
0.69 ohms at 30 MHz rising to 1.48 ohms at 2 MHz. A 
single-turn winding in the collector choke provides alow- 
impedance negative feedback source, thus R3 and Ry 
determine the amount. The reactance of C4 reduces 
feedback at high frequencies with the result that feed- 
back increases an average of 4 dB per octave at decreas- 
ing frequency. 


@® © © «x 
] 


PROVISION FOR 
* ATTENUATOR 


— Terminal Pin 
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POWER GAIN (dB) 


n (%) 


{DOTTED) 


15 2 3 5 7 10 i) 20 30 
FREQUENCY (MHz) 


Figure 1. Collector Efficiency, 
Power Gain and VSWR vs Frequency 


The effective base-to-base impedance, increased by the 
RC networks is about 5 ohms at midband. As a result of 
this and the 9:1 impedance ratio in the input transformer 
Tl, the input VSWR is limited to 1:1.9 or less across the 
band. Transformer T2, in addition to providing a source 
for the feedback and carrying the dc collector current, 
acts as the rf center tap of the output transformer. To 
construct T2, wind 5 turns of 2 twisted pairs of AWG 
No. 22 enameled wire on a Stackpole 57-9322 toroid 
(Indiana General F627-8Q1). 


— Feedthrough Eyelet 
— Component Mounting Hole 


Board Standoff 


! : ‘ Elccas ; 
INPUT 509 T= . : Q OUTPUT 502 


Vec + 


? 3 


6 , 
ci? RS 3 MPC 1000 
CASE 


cK 


. TO PIN 10 
MOUNTED TO DD) oRT2 


HEATSINK as 4 


=" 1N4997 


R1, R2 - 2 X 3.342, 1/2-W in parallel 

R3, R4 - 2 X 3.922, 1/2-W in parallel 

R5 - 472,5W 

R6 - 1.002, 1/2 W 

R7 - 1.0 k, 1/4 W 
C1 - 100 pF R8 - 10082, 1/4 W 
C2, C3 - 5600 pF RQ - 18k, 1/4W 
C4, C5 - 680 pF R10 - 8.2 k, 1/4 Ww Q1, Q2 - MRF422 
C6, C7 - .10 pF R11 - 1.0 k Trimpot T1. 12. T3 - See text 
C11-470 pF. R12 - 18092 , 1/4 W vey 
C12, C13 - .33 pF L1, L2 - Ferroxcube 
C14 - 10 uF - 50 V electrolytic VK200 20/4B 
C15 - 500 pF - 3 V electrolytic L3, L4 — 6 ferrite beads 
C16 ~ 1000 pF each, Ferroxcube Union Carbide type 1813 and 1225, 
a C17 - .1 uF 56590 65/3B or Varadyne size 18 or 14, or equivalent 


All capacitors except electrolytics 
are chips - . 


300-Watt Linear Amplifier Schematic Diagram 


A Stackpole dual balun ferrite core 57-1845-24B is used out shown in AN-758. D> can be omitted and the value 
for T1. The secondary is made of 1/8” copper braid, of R7 should be reduced to 39-47 ohms for 28 volt oper- 
through which three turns of the primary winding (No. ation. Other component values are as described in this 
22 Teflon® insulated hook-up wire) are threaded. The bulletin. 


construction of T3 is similar to that of T1. It employs 
two Stackpole 57-3238* ferrite sleeves which are cement- 
ed together for easier construction. The primary is made 
of 1/4” copper braid, through which three turns of No. 
16 Teflon® insulated wire are threaded for the second- 
ary. The bandwidth characteristics of these transformers 
do not equal those of the transmission line type, but 
they’re much easier to duplicate. 


Table I. Output harmonic contents, measured 
at 300-W CW (ali test data taken using a tuned 
output, narrow band signal source). 


|| and | art | ath [stn | 


The measured performance of the amplifier is shown in 
figures 1, 2, and 3 and harmonic rejection data in table |. 


A recommended replacement for the MCP1000 is an 
MC1723CG and 2N5990 along with the PC board lay- 


*A similar product is available from Fair-Rite Products 
Corp., Wallkill, N.Y. 12589 


®Registered trademark of DuPont 
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Figure 2. IMD vs Frequency 
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A TWO-STAGE 1 KW SOLID-STATE 
LINEAR AMPLIFIER 


Prepared by: 
Helge O. Granberg 


INTRODUCTION 


This application note discusses the design of 50 W and 
300 W linear amplifiers for the 1.6 to 30 MHz frequency 
band. Both amplifiers employ push-pull design for low, 
even harmonic distortion. This harmonic distortion and 
the 50 Vdc supply voltage make the output impedance 
matching easier for 50-Ohm interface, and permits the use 
of efficient 1:1 and 4:1 broadband transformers. 

Modern design includes integrated circuit bias regu- 
lators and the use of ceramic chip capacitors throughout 
the RF section, making the units easily mass producible. 

Also, four 300 W modules are combined to provide a 
1 to 1.2 kW PEP or CW output capability. The driver 
amplifier increases the total power gain of the system to 
approximately 34 dB. 

Although the transistors employed (MRF427 and 
MRF428) are 100% tested against 30:1 load mismatches, 
in case of a slight unbalance, the total dissipation ratings 
may be well exceeded in a multi-device design. With high 
drive power available, and the power supply current limit 
set at much higher levels, it is always possible to have a 
failure in one of the push-pull modules under certain load 
- mismatch conditions. It is recommended that some type 
of VSWR based protective circuitry be adapted in the 
equipment design, and separate dc regulators with appro- 
priate current limits provided for each module. 

The MRF428 is a single chip transistor with the die 
size of 0.140 x 0.248”, and rated for a power output of 
150 W PEP or CW. The single chip design eliminates the 
problem of selecting two matched die for balanced power 
distribution and dissipation. The high total power dissi- 
pation rating (320 W) has been achieved by decreasing the 
thermal resistance between the die and the mount by 
reducing the thickness of the BeO insulator to 0.04” 
from the standard 0.062’’, resulting in Rgjc as low 
as 0.5°C/W. 

_ The MRF427 is also a single chip device. Its die size is 
0.118 x 0.066’, and is rated at 25 W PEP or CW. This 
being a high voltage unit, the package is larger than 
normally seen with a transistor of this power level to pre- 
vent arcing between the package terminals. 

The MRF427 and MRF428 are both emitter-ballasted, 
which insures an even current sharing between each cell, 
and thus improving the device ruggedness against load 
mismatches. | 

The recommended collector idling currents are 40 mA 
and 150 mA respectively. Both devices can be operated in 
Class A, although not specified in the data sheet, pro- 
viding the power dissipation ratings are not exceeded. 


GENERAL DESIGN CONSIDERATIONS 

Similar circuit board layouts are employed for the four 
300 W building block modules and the preamplifier. A 
compact design is achieved by using ceramic chip capaci- 
tors, of which most can be located on the lower side of 
the board. The lead lengths are also minimized resulting 
in smaller parasitic inductances and smaller variations 
from unit-to-unit. | 

Loops are provided in the collector current paths to 
allow monitoring of the individual collector currents with 
a clip-on current meter, such as the HP-428B. This is the 
easiest way to check the device balance in a push-pull 
circuit, and the balance between each module in a system 
such as this. 

The power gain of each module should be within not 
more than 0.25 dB from each other, with a provision 
made for an input Pi attenuator to accommodate device 
pairs with larger gain spreads. The attenuators are not 
used in this device however, due to selection of eight 
closely matched devices. 

In regards to the performance specifications, the 
following design goals were set: 

Devices: 8 x MRF428 + 2 x MRF427A 


Supply Voltage: 40 — SOV 

n, Worst Case: 45% on CW and 35% under two-tone 
conditions 

IMD, d3: -30 dB Maximum (1 kW PEP, 50 V and 

800 W PEP, 40 V) 

Power Gain, Total: 30 dB Minimum 

Gain Variation: 2.0 — 30 MHz: +1.5 dB Maximum 

Input VSWR: 2.0:1 Maximum 


Continuous CW Operation, 1 kW: 50% Duty Cycle, 
30-minute periods, with heatsink temperature 


<75°C. 
Load Mismatch Susceptibility: 10:1, any phase angle 


Determining the figures above is based on previous per- 
formance data obtained in test circuits and broadband 
amplifiers. Some margin was left for losses and phase 


errors occurring in the power splitter and combiner. 
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THE BIAS VOLTAGE SOURCE 


Figure 1 shows the bias voltage source employed with 
each of the 300 W modules and the preamplifier. Its basic 
components are the integrated circuit voltage regulator 
MC1723C, the current boost transistor Q3 and the tem- 
perature sensing diode D1. 


Parts List: 


R5 — 1.0 Ohm/”AW 

R6 —1k/”W 

R7 — 100 Ohm/5 W 

R8 ~—~ 18k92/~%W 

RQ ~— 8.2 k22/%W 

R10 — 1 k22 trimpot 

R11 — —— 
R1i2—1k2/%AW 

C11 —~— 1000 wF/3V Electrolytic 
C12 — 1000 pF Ceramic 
D1 — See text 

D2 — 1N5361 — 1N5366 
Q3 — 2N5991 


Bias Out 
+0.5-1.0 V 


C13 


MC1723C 


FIGURE 1 — Bias Voltage Source 


Although the MC1723C is specified for a minimum Vo 
of 2 Volts, it can be used at lower levels with relaxed speci- 
fications, which are sufficient for this application. Advan- 
tages of this type bias source are: 


1. Line voltage regulation, which is important if the 
amplifier is td be operated from various supply 
voltages. 

2. Adjustable current limit. 

3. Very low stand-by current drain. 


Figure 1 is modified from the circuit shown on the 
MC1723 data sheet by adding the temperature sensing 
diode D1 and the voltage adjust element R10. D2 and 
R12 reduce the supply voltage to a level below 40 V, 
which is the maximum input voltage of the regulator. 

D1 is the base-emitter junction of a 2N5190, in a 
Case 77 plastic ‘package. The outline dimensions allow its 
use for one of the circuit board stand-offs, attaching it 
automatically to the heatsink for temperature tracking. 

The temperature compensation has a slight negative 
coefficient. When the collector idling current is adjusted 
to 300 mA at 25°C, it will be reduced to 240 — 260 mA 
at a 60°C heatsink temperature. (-1.15 to -1.7 mA/C°.) 

The current limiting resistor RS sets the limiting to 
approximately 0.65 A, which is sufficient for devices 


] 
with a minimum hpfE of 17, (lp Ee) when the maxi- 
mum average Ic is 10.9 A. (2 MHz, 50 V, 250 CW.) 
Typically, the MRF428 hprp’s are in the 30’s. 


The measured output voltage variations of the bias 
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source (O -- 600 mA) are +5 to 7 mV, which amounts to 
a source impedance of approximately 20 milliohms. 


THE 300 W AMPLIFIER MODULE 


Input Matching 


Due to the large emitter periphery of the MRF428, 
the series base impedance is as low as 0.88, -J.80 Ohm at 
30 MHz. In a push-pull circuit a 16:1 input transformer 
would provide the best impedance match from:a 50-Ohm 
source. This would however, result in a high VSWR at 
2 MHz, and would make it difficult to implement the 
gain correction network design. For this reason a 9:1 
transformer, which is more ideal at the lower frequencies, 
was chosen. This represents a 5.55° Ohm base-to-base 
soure impedance. :- 

In a Class C push-pull circuit, where the conduction 
angle is less than 180°, the base-to-base impedance would 
be about four times the base-to-emitter impedance of one 
device. In Class A where the collector idling current is 
approximately half the peak collector current, the con- 
duction angle is 360°, and the base-to-base impedance is 
twice the input impedance of one transistor. When the 
forward base bias is applied, the conduction angle in- 
creases and the base-to-base impedance decreases rapidly, 
approaching that of Class A in Class AB. . 

A center tap, common in push-pull circuits, is not 
necessary in the input transformer secondary, if the tran- 
sistors are balanced. (Cjp, hFE, VBEf.) The base current 
return path is through the forward biased base-emitter 


FIGURE 2 — Equivalent Base Input Circuit 


junction of the off transistor. This junction acts as a 
clamping diode, and the power gain is somewhat depen- 
dent upon the amount of the bias current. The equiva- 
lent input circuit (Figure 2) represents one half of the 
push-pull circuit, and for calculations Rg equals the total 
source impedance (RS’) divided by two. | 

Since a junction transistor is a current amplifier, it 
should ideally be driven from a current source. In RF 
applications this would result in excessive loss of power 
gain. However, input networks can be designed with 
frequency slopes having some of the current source 
characteristics at low frequencies, where excess gain 
is available. 

The complex base input characteristics of a transistor 
would place requirements for a very sophisticated input 
compensation network for optimum overall performance. 
The design goal here was to maintain an input VSWR of 
2:1 or less and a maximum gain variation of +1.5 dB 
from 2 to 30 MHz. Initial calculations indicated that these 
requirements can be met with a simple RC network in 
conjunction with negative collector-to-base feedback. 
Figure 2 shows this network for one device. L1 and L2 
represent lead lengths, and their values are fixed. The 
feedback is provided through R2 and L2. Because the 
calculations were done without the feedback, this branch 
is grounded to simulate the operating conditions. 

The average power gain variation of the MRF428 from 
2 to 30 MHz is 13 dB. Due to phase errors, a large amount 
of negative feedback in an RF amplifier decreases the 
linearity, or may result in instabilities. Experience has 
shown that approximately 5 — 6 dB of feedback can be 
tolerated without noticeable effects in linearity or sta- 
bility, depending upon circuit layout. If the amount of 
feedback is 5 dB,.8 dB will have to be absorbed by the 
input network at 2 MHz. 

Omitting the reactive components, L1, L2,C1 , and the 
phase angle of Xj which have a negligible effect at 2 MHz, 


a simple L-pad was calculated with Rs = 2.77 2, and RL 
=f 4.652 + 1.252 = 4.81 Q. : | 

From the device data sheet we find the Gpg at 2 MH 
is about 28 dB, indicating 0.24 W at Ry will produce an 
output power of 150 W, and the required power at Rs = 
0.24W+8dB=1.51 W. 

Figuring out currents and voltages in various branches, 
results in: RI = 1.67 Q and R2 = 1.44 2. 

The calculated values of RI and R2 along with other 
known values and the device input data at four frequencies 
were used to simulate the network in a computer program. 
An estimated arbitrary value of 4000 pF for Cl was 
chosen, and VCS2 represents the negative feedback volt- 
age (Figure 2.) The optimization was done in two separate 
programs for RI, R2,C1 and VCS2 and in several steps. 
The goals were: a) VCS and R2 for a transducer loss of | 
13 dB at 2 MHz and minimum loss at 30 MHz. b) RI and 
C1 for input VSWR of <1.1:1 and <2:1] respectively. The 
optimized values were obtained as: 


Cl=5850pF R2=132 
R1=2.12 VCS§2=1.5V 


The minimum obtainable transducer loss at 30 MHz was 


2.3 dB, which is partly caused by the highest reflected 


power at this frequency, and can be reduced by “‘over- 
compensation” of the input transformer. This indicates 
that at the higher frequencies, the source impedance 
(Rs) is effectively: decreased, which leaves the input 
VSWR highest at 15 MHz. | 

In the practical circuit the value of Cl (and C2) was 
rounded to the nearest standard, or 5600 pF. For each 
half cycle of operation R2 and: R4 are in series and the » 


1.3 
value of each should be 7 for VCS2 = 1.5 V. Since 
the voltage across ac and bd = VCE, a turns ratio of 32:1 


would be required. It appears that if the feedback voltage 


To Bias 
Source 


FIGURE 3 


on the bases remains unchanged, the ratio of the voltage 
across L5 (VCS2) and R2R4 can be varied with only a. 
small effect to the overall input VSWR. To minimize the: 
resistive losses in the bifilar winding of T2 (Figure 3), 
the highest practical turns ratio should not be much higher 
than required for the minimum inductance, which is 


4R_ 50 _ 
Inf 12.5 1 OMH. 


R = Collector-to-Collector Impedance = 12.5 2 


f = 2 MHz 

ac or bd will then be 1.0 wH, which amounts to 5 turns. 
(See details on T2.) 25% over this represents a 7:1 ratio 
setting VCS2 to 6.9 V. 

In addition to providing a source for the negative 
feedback, T2 supplies the dc voltage to the collectors 
as well as functions as a center tap for the output 
transformer T3. 

The currents for each half cycle are in opposite phase 
in ac and bd, and depending on the coupling factor 
between the windings, the even harmonic components 
will see a much lower impedance than the fundamental. 
The optimum line impedance for ac, bd would equal the 
collector-to-collector impedance, but experiments have 
shown that increasing this number by a factor of 2-3 
affects the 2nd and 4th harmonic amplitudes by only 
1 to2 dB. 

Since the minimum gain loss obtainable at 30 MHz 
with network as in Figure 2, and the modified VCS2 


source was about 3.8 dB at 30 MHz, C5 was added with 
the following in mind: CS and L5 form a parallel resonant 
circuit with a Q of approximately 1.5. Its purpose is to 
increase the shunting impedance across the bases, and to 
disturb the 180° phase difference between the input 
signal and the feedback voltage at the higher frequencies. 
This reduces the gain loss of 3.8 dB, of which 1.4 dB is 
caused by the feedback at 30 MHz. The amount depends 
upon the resonant frequency of C5 L5, which should be 
above the highest operating frequency, to avoid possi- 
ble instabilities. 

When LS is 45 nH, and the resonance is calculated 
for 35 MHz, the value of C5 becomes 460 pF, which can 
be rounded to the closest standard, or 470 pF. The phase 
shift at 30 MHz is: © 


Tan ~| QnfL Tan-! | 6.28 x 30 x 0.045 
2\{= 
a eee 6.8 - 2) 
fy2 1225 
Tan -! 
7 8.48 \  _ a8 90 
1.80 


R _ 68 | 
cos@ cos789° = 32.72 
At 2 MHz the numbers are respectively 4.76° and 6.83 Q. 


The 1.4 dB feedback means that the feedback voltage 
is 16% of the input voltage at the bases. By the aid of 


The impedance is: 
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vectors, we can calculate that the 78° phase shift and the 
increased impedance reduces this to 4%, which amounts 
to 0.35 dB. These numbers were verified in another 
computer program with VCS2 = 6.9 V, and including C5. 
New values for Rl and R2 were obtained as 1.95 92 and 
6.8 {2 respectively, and other data as shown in Table 1. 


TABLE?1: 


The VSWR was calculated as 


Z\ -Z2 


71+22 where: 


Z1 = Impedance at transformer secondary. 


a aa Input Input Impedance Input Impedance Attenuation | 
MHz VSWR Real Reactive dB. 


Although omitted from the preliminary calculations, the 
2 x 5 nH inductances, comprising of lead length, were 
included in this program.. 

The input transformer is a 9:1 type, and uses a tele- 
vision antenna balun type ferrite core, made of high 
permeability material. The low impedance winding 
consists of one turn of 1/8” copper braid. The sections 
going through the openings in the ferrite core are rounded 
to resemble two pieces of tubing electrically. The primary 
consists of AWG #22 TFE insulated wire, threaded 
through the rounded sections of braid, placing the primary 


and secondary leads in opposite ends of the core. (4) (). 
The saturation flux density is about 60 gauss which is well 
below the limits for this core. For calculation procedures, 
see discussion about the output transformer. 

This type physical arrangement provides a tight cou- 
pling, reducing the amount of leakage flux at high fre- 
quencies. The wire gauge, insulation thickness, and 
number of strands have a minimal effect in the perform- 
ance except at very high impedance ratios, such as 25:1 
and up. The transformer configuration is shown in Fig- 
ure 4. By using a vector impedance meter, the values 
for C3 and C4 were measured to give a reasonable input 
match at 30 MHz, (Zjp = 1.62 - j 0.21 x 2 = 3.24 - 
j 0.42) with the smallest possible phase angle. 


oO- ' 
i 

50 82 56 pF c3..C«#SNS 470 pF C4 Secondary 
O | 


FIGURE 4 ~— Transformer Configuration 


~ When the high impedance side was terminated into 
50 2, the following readings were obtained at the 
secondary: 


TABLE 2: 


Frequency Xs VSWR Attenuation 
MHz Ohms dB 


Z2 = 
(Rg in Figures 2 and 3) as in computer data presented 
ahead. 


Input impedance of compensation network x 2 


The effect of the lower VSWR to the power loss in the 
input network can be calculated as follows: 
S} -1 


2 
(1- (srsr) where: 


10 Log S221 2) S1 = VSWR I (Lower) 
(1- (22) 


S2 = VSWR 2 (Higher) 


which at 30 MHz = 10 Log 


= 10 Log ( 


These figures for other frequencies are presented with the 
data below. Later, some practical experiments were done 
with moving the resonance of C5 LS lower, to find out if 
instabilities would occur in a practical circuit. When the 
resonance was equal to the test frequency, slight break- 
up was noticed in the peaks of a two-tone pattern. It was 
then decided to adjust the resonance to 31 MHz, where 
C5 = 560 pF, and the phase angle at 30 MHz increases to 
87°. The transducer loss is further reduced by about 0.2 dB. 

Several types of output transformer configurations 
were considered. The 12.5 2 collector-to-collector im- 


0.997 


337) = 0.32 dB, 2.7 ~0.32'= 2.38 dB 
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(Above readings with transformer 
and compensation network.) 


FIGURE 5 — Bottom and Top of the 300 W Module Circuit Board 


pedance estimated earlier, would require a 4:1 trans- 
former for a 50 2 output. The type used here as the input 
transformer exhibits good broad band characteristics 
with a convenient physical design. However, according 
to the low frequency minimum inductance formula 
presented earlier in connection with T2, the initial per- 
meability required would be nearly 3000, with the largest 
standard core size available. High permeability ferrites are 
almost exclusively of Nickel-Manganese composition, and 
are lossy at radio frequencies. Although their Curié points 
are higher than those of lower permeability Nickel-Zinc 
ferrites, the core losses would degrade the amplifier 
performance. With the core losses being a function of the 
power level, these rules can sometimes be disregarded in 
low power. applications. | 

A coaxial cable version was adapted for this design, 
since the transmission line type transformers are theoret- 
ically ideal for RF applications, especially in the 1:4 
impedance ratio. A balanced to unbalanced function 
would normally require three separate transmission lines 
including a balun (5) (6), It appears that the third line 
can be omitted, if lines a and b (Figure 3) are wound on 
separate magnetic cores, and the physical length of the 
lines is sufficient to provide the necessary isolation 
between the collectors and the load. In accordance to 
formulas in (7), the minimum line length required at 
2 MHz, employing Stackpole 57-9074 or equivalent 
ferrite toroids is 4.2”, and the maximum. permissible 
line length at 30 MHz would be approximately 20”. 
The 4.2” amounts to four turns on the toroid, and meas- 
ures 1.0 wH, which in series with the second line is suffi- 
cient for 2 MHz. Increasing the minimum required line 


- 300 ~( 
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length by a factor of 4 is still within the calculated limits, 
and in practical, measurements the isolation has been 
found to be over 30 dB across the band. The main advan- 
tage with this arrangement is a simplified electrical and 
physical lay-out. 

The maximum flux density of the toroids is approxi- 
mately 200 gauss (3), and the number of turns has been 
increased beyond the point where the flux density of the 
magnetic core is the power limiting factor. 

The 1:4 output transformer is not the optimum in 
this case, but it is the closest practical at these power 
levels. The optimum power output at 50 V supply voltage 
and 50 22 load is: - 


VRMS = 4 x (VCC - VCE(sat) X 0.707) = 135.75 V, when 
VCE(sat) = 2 V 
_ 135.75 
50 


The optimum Vc¢ at Poy; = 300 W would be: 


Vcc = VCE(sat) + (V Rin x 2 Pout) =2 + (V 6.25 x 300) 
=453V 


The above indicates that the amplifier sees a lower load 
line, and the collector efficiency will be lowered by 1-2%. 
The linearity at high power levels is not affected, if the 
device hFE is maintained at ‘the increased collector 
currents. The linearity at low power levels may be slightly 
decreased due to the larger mismatch of the output circuit. 

The required characteristic line impedance (a and b, 
Figure 3) for a 1:4 impedance transformer is: \/ Rin RL = 
V 12.5 x 50 = 25 Q, enables the use of standard miniature 
25 92 coaxial cable (i.e., Microdot 260-4118-000) for the 
transmission lines. The losses in this particular cable at 
30 MHz are 0.03 dB/ft. With a total line length of 2 x 
16.8" (2 x 4 x 4,2”), the loss becomes 0.084 dB, or 


300 _ 
10 antilog 0.084 ape ot 


| 


= 2.715 A, Pout = 2.715 x 135.75 = 368.5 W 


For the ferrite material employed, Stackpole grade 
#11 (or equivalent Indiana General Q1) the manufactur- 
ers data is insufficient for accurate core loss calculations (6). 
The By curves indicate that 100-150 gauss is well in the 
linear region. 

The toroids measure 0.87” x 0.54” x 0.25”, and the 
16.8” line length figured above, totals to 16 turns if 
tightly wound, or 12-14 turns if loosely wound. The 
flux density can then be calculated as: 


Vmax xX 102 
Bmax = 2afnA 
= Frequency in MHz 
Total number of turns. 


Cross sectional area of the toroid in cm2. 
Peak voltage across the 50 Q load, 


300, , 50. -5 
( ) (5797) = 173-V 


“50 
86.5 x 102 n 
628K 2x IB X25 28-3 gauss 


where: 


f 
n 
A 
Vv 


Bmax (for each toroid) = 


Practical measurements showed the core losses to be 
negligible compared to the line losses at 2 MHz and 
30 MHz. However, the losses increase as the square of 
Bmax at low frequencies. 


With the amount of HF compensation dependent upon 
circuit layout and the exact transformer construction, 
no calculations were made on this aspect for the input 
(or output) transformers. C3, C4, and C6 were selected 
by employing adjustable capacitors on a prototype 
whose values were then measured. | 

A photo of the circuit board is shown in Figure 5, A- 
bottom and B-top. The performance data of the 300 W 
module can be seen in Figure 6. 


IMD, d3 (dB) 


Power Gain (dB) 
@ b on oOo ww 


Input VSWR 


Frequency (MHz) 


FIGURE 6 — IMD, Power Gain, Input VSWR and Efficiency 
versus Frequency of a 300 W Module 


THE DRIVER AMPLIFIER 


The driver uses a pair of MRF427 devices, and the 
same circuit board layout as the power amplifier, with 
the exception of the type of the output transformer. 

The input transformer is equal to what is used with 
the power amplifier, but has a 4:1 impedance ratio. 
The required minimum inductance in the one turn second- 
ary (Figures 3 and 4) being considerably higher in this case, 


the AL product of the core is barely sufficient. The 
measured inductances between a number of cores range 
3.8 -4.1 wH. | 

This formula also applies to the output transformer, 
which is a 1:1 balun. The required minimum inductance 
at 2 MHz is 16 wH, amounting to 1] turns on a Ferrox- 
cube 2616P-A100-4C4 pot core, which was preferred 
over a toroid because of ease of mounting and other 
physical features. Although twisted wire line would be 
good at this power level, the transformer was wound 
with RG-196 coaxial cable, which is also used later for 
module-driver interconnections, 

The required worst case driver output is 4 x 12 W= 
48 W. The optimum Poyt with the 1:1 output trans- 
former is 


VRMS _ 67.7 = 


The MRF 427 is specified for a 25 W power output. 
Having a good hfE versus Ic linearity, the 1 to 2 load 
mismatch has an effect of 2-3 dB in the IMD at the 10% 
power level, and the reduced efficiency in the driver 
is insignificant regarding the total supply current in 
the system. 

The component values for the base input network and 
the feedback were established with the aid of a computer, 
and information on the device data sheet, as described 
earlier with the 300 W module. The HF compensation 
was done in a similar manner as well. Neither amplifier 
employs LF compensation. C7 and C8 are de blocking 
capacitors, and their value is not critical. 


In T2 (Figure 7), b and c represent the RF center 
tap, but are separated in both designs — partly because 


an? 


FIGURE 7 


of circuit lay-out convenience and partly for stabili- 
zation purposes. 

The test data of the driver is presented later along with 
the final test results. 


FIGURE 8 — Driver Amplifier Board Layout 


COMBINING FOUR 300 W POWER MODULES 


The Input Power Divider 

The purpose of the power divider is to divide the input 
power into four equal sources, providing an amount of 
isolation, between each. The outputs are designed for 


Ris 


Optional ©. 
Input 
Atten- 
uator 


Stand Off’s 


PARTS LIST 


= Terminal Pins and 
Feedthroughs 


Feedthrough Eyelets. 


FIGURE 9 — Component Layout of the 300 W Amplifier Module 


SO 92 impedance, which sets the common input at 12.5 Q. 
This requires an additional 4:1 Step down transformer to 
provide a 50 £2 load for the driver amplifier. Another 
requirement is a 0° phase shift between the input and 
the 50 {2 outputs, which can be accomplished with 1:1 
balun transformers. (a,b,c and d in Figure 10.) For im- 


3 i 
Ee 


(Power Module and Driver Amplifier) 


Power Module 


5600 pF 
56 pF 
470 pF 
560 pF 
75 pF 
0.1 WF 
0.33 uF 
10 HF/150 V 
2x 3.9 2/% W in parallel 
2 x 6.8 22/% W in parallel 
Ferroxcube VK200 19/48 
ferrite choke 
6 ferrite beads each, 
Ferroxcube 56 590 65/3B 


Others ATC Type B. 
9:1 type, see text. 


287300201 or equivalent.) 


F627-8Q1 or equivalent. 


25 © miniature coaxial cable 


pole 57-9074, indiana General 
F624-19Q1 or equivalent.) 
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All capacitors, except C11, are ceramic chips. Values over 100 pF are 
Union Carbide type 1225 or 1813 or Varadyne size 18 or 14, 
(Ferrite cores for both: Stackpole 57-1845-24B or Fair-Rite Products 


7 turns of bifilar or loosely twisted wires. (AWG #20.). 
Ferrite cores for both: Stackpole 57-9322, Indiana Genera! 


14 turns of Microdot 260-41 18-00 


wound on each toroid. (Stack- 


Driver Amplifier 


3300 pF 

39 pF 

Not Used 

470 pF 

51 pF 

0.1 WF 

0.33 uF 

10 uF/150 V 

2x 7.5 220/% W in parallel 

2x 18 2/% W in parallel 

Ferroxcube VK 200 19/4B 
ferrite choke 

6 ferrite beads each, 
Ferroxcube 56 590 65/3B 


4:1 type, see text. 


11 turns of RG-196, 50 2 miniature 
coaxial cable wound on a bobbin 

of a Ferroxcube 2616P-A100-4C4 
pot core. 


proved low frequency isolation characteristics the line 
impedance must be increased for the parallel currents. 
This can be done, without affecting the physical length 
of the line, by loading the line with magnetic material. 
In this type transformer, the currents cancel, making it 
possible to employ high permeability ferrite and a relatively 
short physical length for the transmission lines. In an 
absolutely balanced condition, no power will be dissipated 
in the magnetic cores, and the line losses are reduced. 
The minimum required inductance for each line can be 
calculated as shown for the driver amplifier output trans- 
former, which gives a number of 16 wH minimum at 
2 MHz. A low inductance value degrades the isolation 
characteristics between the 50 © output ports, to main- 
tain a low VSWR in case of a change in the input 
impedance of one or more of the power modules. How- 
ever, because of the base compensation networks, the 
power splitter will never be subjected to a completely 
open or shorted load. 


FIGURE 10 — Four Port Power Divider 


The purpose of the balancing resistors (R) is to dissi- 
pate any excess power, if the VSWR increases. Their 
optimum values, which are equal, are determined by the 
number of 50 Q sources assumed unbalanced at one 
time, and the resistor values are calculated accordingly. 

Examining the currents with one load open, it can be 
seen that the excess power is dissipated in one resistor in 
series with three parallel resistors. Their total value is 
50 - 12.5 = 37.5 Q. Similarly, if two loads are open, the 
current flows through one resistor in series with two 
parallel resistors, totaling 37.5 92 again. This situation is 
illustrated in Figure 11. 

Except-for a two port power divider (5). the resistor 
values can be calculated for odd or even number systems 
as: 


_ RL -~ Rin 
R = ¢ ce] )n where: 
Ri = Impedance of the output ports, 50 {2. 
Rin = Impedance of the input port, 12.5 2. 
n = Number of output ports properly terminated. 


A-29 


= 18.75 
Ohms 


| : 
ie Rin = 12.5 


R = 25 Ohms 


Ohms 


a) 1 Load Open b) 2 Loads Open c) 3 Loads Open 


FIGURE 11 


Although these resistor values are not critical in the 
input divider, the formula also applies to the output 
power combiner, where mismatches have a larger effect 
in the total power output and linearity. 

The practical power divider employs large ferrite beads 
(Fair-Rite Products 2673000801 or Stackpole 57-151 1-24B 
or equivalent) over a 1.2 inch piece of RG-196 coaxial 
cable. The arrangement is shown in Figure 10. Both 
above ferrite materials have a wr of about 2500, and the 
inductance for one turn is in excess of 10 wH. 

The step-down transformer (T1, Figure 10) is wound 
on a Stackpole 57-9322-11 toroid with 25 © miniature 
coaxial cable. (Microdot 260-4118-000 or equivalent.) 
Seven turns will give a minimum inductance of 4/16 wH, 
required at 2 MHz. 

For the preamplifier interface, C1 could be omitted 
in order to achieve the lowest input VSWR. 

The structure is mounted between two phenolic 
terminal strips as can be seen in the foreground of Fig- 
ure 14, providing a sufficient number of tie points for 
the coaxial cable connections. 


THE OUTPUT COMBINER 


The operation of the output combiner is reversed from 
that of the input power divider. In this application we 
have four -50 2 inputs and one 12.5 {2 output, which is 
transformed to 50 2 by a 1:4 impedance ratio transformer. 

An arrangement similar to the input power divider is 
employed in the combiner. The baluns consist of straight 
pieces of coaxial cable loaded by a sleeve of magnetic 
material (ferrite). The line length is determined by the 
physical dimensions of the ferrite sleeves. The ur versus 
cross sectional area should be calculated or measured to 
give sufficient loading inductance. 

Straight line baluns as these have the advantage over 
multiturn toroidal types in introducing a smaller possi- 
bility for phase errors, due to the smaller length of the 
line. The largest possible phase errors occur in the input 


and output connecting cables, whose lengths are 18” 
and 10” respectively. All four input and output cables 
must be of equal length within approximately 4”, and the 
excess in some, caused by the asymmetrical system layout, 
can be coiled or formed into loops. 

The ,output connecting cables between the power 
amplifier outputs and the combiner are made of low loss 
RG-142B/U coaxial cable, that can adequately handle 
the 300 W power with the average current of 2.45 A. 

The balun transmission lines are also made of RG- 
142B/U coaxial cable, with an outer diameter of 0.20”. 
The line length is not critical as it is well below the maxi- 
mum length permitted for 30 MHz (7). The minimum 
inductance, as in the input divider, is 16 wH per line. 
Measurements were made between two port combiners, 
one having the line inductance of 17 wH (7 Ferroxcube 
768 series 3E2A toroids) and the other 4.2 uH (one 
Stackpole 57-0572-27A ferrite sleeve). The results are 
shown in Table 3. 


40.2 


isolation dB 
(Line inductance 17 wH) 


The power output with various numbers of disabled 
sources, referring to Figures 11 and 12 can be calculated 
as: 


PR 
Pn -PR 5 aia 
where: n = Number of Operative Sources. 
Pn = Total Power of Operative Sources. 
PR = Power Dissipated in Balancing Resistors. 


For one disabled source: 


28.13 


= 140.65, 


Pout = (250x 3)-(140.65 + °° 


)= 
750 - 187.5 = 562.5 W 


This is assuming that the phase errors between the active 
sources are negligible. Otherwise the formula in (7) can 


_ Isolation dB 
Line Inductance 4.2 uwH) 


TABLE 3: 


The main difference is at 2 MHz — and it was decided 
that the 29 dB of isolation is sufficient, as the high fre- 
quency isolation in either case is not much better. The 
3E2A and other similar materials are rather lossy at RF, 
and with their low Curie points, would present a danger 
of overheating in case of a source unbalance. 

Figure 12 shows the electrical design of the four-port 
power combiner. 


FIGURE 12 — Four Port Output Combiner 
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be adapted, but if the errors between the active sources 
are unequal, the situation will get rather complex. 

From above we see that 140.65 W will be dissipated 
by one of the balancing resistors and only 15.6 W by the 
other three. For this high power dissipation the resistors 
must be the type which can be mounted to a heat sink, 
and noninductive. After experiments with the “non- 
inductive” wirewound resistors which exhibited excess 
inductance at 30 MHz and were bulky with 50 and 100 W 
ratings, thin film terminations were specially fabricated 
in-house for this application.* These terminations are 
deposited on a BeO wafer, which is attached to a copper 
flange. They are rated for 50 W continuous power, but can 
be operated at 100 or even 150 W for nonextended periods 
if the flange temperature is kept moderately low. The 
balancing resistors can be seen on the upper side of the 
combiner, which is shown in the foreground of Figure 15, 

The purpose of the step-up transformer T2, (Figure 12) 
is to transform the 12.5 2 impedance from the combiner 
up to 50 $2. It is a standard 1:4 unbalanced-to-unbalanced 
transmission line type transformer, (6, 7, 8) in which the 
line is made of two RG-188 coaxial cables connected in 
parallel in the manner as shown in Figure 13. 

Normally the loss in RG-188 at 30 MHz is 0.08 dB/foot. 
In this connection arrangement, the currents in both 
directions are carried by the braid in parallel with the 


terminations are available from 
Inc., and other manufacturers 


*Similar attenuators and 
Solitron, EMC Technology, 
of microwave components. 


FIGURE 13 


inner conductor and the power loss is reduced to approxi- 
mately 0.025 dB/foot. The impedance becomes 25 2, and 
depending on how close the cables are to each other 
physically, it can be as low as 22 9. The minimum line 
inductance can be calculated as shown before, and is 
16 wH for the 50 2 side. This inductance is achieved 
by winding several turns of the dual cable line on a 
magnetic core. In contrast to the balun transformers in 
the combiner, the line currents do not cancel and the 
magnetic core must handle the full power, and must be 
made of lower loss material. The form of a toroid was 
figured to require the shortest line length for a specific 
inductance, and out of the standard sizes, two stacked 
units resulted in a shofter line length than a single larger 
one with similar cross sectional area. 

Six turns on two Indiana General F626-12-Q1 toroids. 
give 4.8 and 23 wH for the secondary; the line length 
being 16 inches. 

In continuous operation the core temperature was 
measured as 95-90°C. This resulted in a decision to change 
the core material to Q2, which exhibits about 70% lower 
losses at 30 MHz. The permeability is also lower (35), 
and with the same number of turns gives only 13 wH. 


The line length could not be increased according to 
(7), and the measurements indicated no difference in 
operation at 2 MHz, so the Q2 toroids with the low 
inductance were considered permanent. 


The maximum flux density of the toroids is calculated 
as shown before: 


Vmax 102 


a7 gauss, where: 


Bmax = 


Peak voltage across the secondary, (50 point) 316.2 V 
Frequency in MHz (2.0) 

Number of turns at the 50 2 point. (12) 

Core cross sectional area (1.21 cm) 


a = 316.2 x 102 
maxX ~ 6 28x2x 12x 1.21 


rs < 
it 


= 260 gauss 


From the BH curves we can see that the linear portion 
extends to 800-1000 gauss, and the saturation occurs at 
over 3000 gauss. Comparable materials are Stackpole 
grade 14 and Fair-rite products 63. 

The core losses are minimal compared to the line 
losses, which for the 16” length amount to 0.035 dB or 
0.81%. 

As in the input transformer, the HF compensation (C2) 
was not required. The lay-out of the combiner and T2 is 
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FIGURE 14 —1kW Linear Amplifier showing the input power 
divider in the foreground, to the right is the preamplifier. Two 
of the four 300 W modules can be seen on the upper side of 

the structure. The other two modules are shown in Figure 15. 


FIGURE 15 — 1 kW Linear Amplifier showing the output com- 
biner in the foreground, to the right is the 1:4 stepup transformer. 
The four balancing resistors, mounted to the heat sink, can be 
seen directly above the combining network. 


such that minimum lead lengths are obtained, and the 
structure is mounted on a PC board having feedthrough 
eyelets to a continuous ground plane on its lower side. 


MEASUREMENTS 


Six 300 W modules were built using matched pair 
production MRF428’s. The maximum gain distribution 
was 0.9 dB, and in the four units selected for the amplifier, 
the gain varied from 13.7 to 14.1 dB at 30 MHz, so it was 
not necessary to utilize the option of the input attenuators, 

Figure 16 shows the test set-up arrangement employed 
for testing the modules and the combined amplifier. 

The heatsink design was not optimized as it was felt to 
be outside the scope of this report; concentration was 
made in the electrical design. However, it was calculated 
to be sufficient for short period testing under two-tone or 
CW conditions at full power. The heatsink consists of 
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FIGURE 16 — For two tone operation, a signal from an external audio oscillator is added to a signal from the T-4XB built-in oscillator, which 


has been adjusted to 800 Hz. 


During single tone testing, the external oscillator (1200 Hz) is switched off. A calorimeter wattmeter in the output can be used to calibrate 


the HP-432A’s at frequencies below ~10 MHz, where their response roll-off begins. 
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FIGURE 18 — {MD versus Power Output 
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~4 -3 -2 +7 1 2 3 4 
FIGURE 19 — Photo of Spectrum Analyzer Display Showing 
the IMD Products to the 9th Order. Power Output = 1 kW at 
30 MHz (50 V). 
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FIGURE 20 — IMD versus Frequency 


four 9” lengths of Thermalloy 6151 extrusion, each 
having a free air thermal resistance of 0.7°C/W. They 
are bolted in pairs to two 9” x 8%” x 3/8” copper plates, 
to which the four power modules are mounted. Assuming 
a coefficient of 0.85 between two parallel extrusions, 
a total thermal resistance of 0.49C/W is realized. Two of 
these dual extrusions are mounted back-to-back to provide 
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FIGURE 22 — Output Harmonic Contents versus Frequency 


The 10:1 load mismatch was simulated with 34 feet 
of RG-58 coaxial cable, which has an attenuation of 
approximately 0.9 dB at 30 MHz, representing 1.8 dB 
return loss. The coaxial was terminated into an LC network 
consisting of a 2 x 15 — 125 pF variable capacitor and 
Time (Minutes) | two inductors as shown in Figure 23. 


Heat Sink Temperature (°C) 


10 


100 ~ 1000 


FIGURE 21 — Heat Sink Temperature versus Time 


K . 
a channel for the air flow from four Rotron SP2A2 4” 
fans. Two are mounted in each end of the heatsink, and 
the four fans operating in the same direction provide an 
air flow of approximately 150 CFM. 

The third. order harmonic is 14 dB below the fund- 
amental at certain frequencies, as can be seen in Figure 
22. This number is typical in a four octave amplifier, and 
it is obvious that some type of output filter is required’ — 
when it is used for communications purposes. | - FIGURE 23 — Load Mismatch Test Circuit 


FIGURE 24 — Circuit Board Layout of the Power 
Combiner Assembly 


A-AR 


The high current mode appears at a phase angle of -90° 
and 20 82, where the monitored individual collector 
currents increased to 6.8 A. At 50 V this amounts to 340 W, 
which almost entirely represents device dissipation. 

At 20:1 load mismdtch an equal power dissipation is 
reached at a power output of approximately 650 W CW. 

Since the collector voltages remain below the device 
breakdowns at the high impedance mode (+90°, 150 2), 
it may be concluded, that the load mismatch suspect- 
ability is limited by overdissipation of the transistors. 


FIGURE 25 — Board Layout of the Power Combiner 
Transmission Line Assembly 


BEONNO#9 —-indnole 


LINEAR AMPLIFIER 7A 


FIGURE 26 — Board Layout of the 300 W Module and Driver Amplifier 
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\ AA MOTOROLA Semiconductor Products inc. 
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— MRFA49 
MRF449A 


MOTOROLA 


Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


The RF Line 


30 W — 30 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


€ 


NPN SILICON RF POWER TRANSISTORS 


CASE 211-07 


. . . designed for power amplifier application in industrial, com- MRE449 


mercial and amateur radio equipment to 30 MHz. 


e Specified 13.6 Volt, 30 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% | 


STYLE 1: 
PIN 1. EMITTER 


|_K [10.03 | 10.29 | 0.395 | 0.405 _| 
|_t | 6.22 | 6.48 | 0.245 | 0.255 | 
Lm | 400 { so? [40° | 50° | 
LN | 3.81 | 4.57 | 0.150 | 0.180 _| 

30 [0.113 | 0.130 J 


1454-09 
MRF449A 


MAXIMUM RATINGS 


30 
[olectorBare Voltage ———SSSSCSCS~*~C(N | 
[Emitter Base Voltage —————SSSCSC~wdC eo | 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 
THERMAL CHARACTERISTICS . 


[Characteristic ———~—=S=«d;“Symbol | Max [Unit 
Thermal Resistance, Junction to Case ReJc 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


i245] - |oso; - 
ret 1.401 1.78 | 0.055 | 0.070 | 
rM_| 45° NOM | 

= ar 7 0.080 | 


F.2 


MRF449 @ MRF449A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ee Vdc 
(Ic = 100 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage eed ee | Vde 
(Ic = 50 mAdc, Vege = 0) ; 

Collector-Base Breakdown Voltage BVcBO ae ae ae Vdc 
(Ic = 20 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage BVEBO ook oe oe Vdc 
(ig = 5.0 mAdc, Ic =0) © 


ON CHARACTERISTICS 


DC Current Gain hee 
~ (I¢ = 1.0 Ade, Voge = 5.0 Vdc) . 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vog = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vde, Poe = 30 W, Ic(max) = 4.0 Ade, 
f = 30 MHz) 
Collector Efficiency 
(Vcc = 13.6 Vde, Pout = 30 W, Iclmax) = 4.0 Adc, 
f = 30 MHz) 


Series Equivalent Input Impedance 
(Vcc = 13.6 Vdc, Pout = 30 W, f = 30 MHz) 
Series Equivalent Output Impedance Zout 
(Vcc = 13.6 Vdc, Pout = 30 W, f = 30 MHz) 


AA MOTOROLA Semiconductor Products Inc. - 
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MRF449 @ MRF449A 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 
RE 
Input 
c1 — 14-150 pF, ARCO 424 
C2,C3,C4 — 170-780 pF, ARCO 469 
cs,c8 — ERIE 0.1 uF @ 100 V RED CAPS 
cé6 — 1000 pF UNELCO, 350 Vdc 
C7 — 10 uF, 35 Vde 
Rt — 100 12,2 W Carbon 
1 — 0.15 pH Molded Choke MILLER 
L2 — FERROXCUBE, VK200-20-48 
L3 — 3 Turns, #14 Bare Tinned Wire, 0.3" (0.79) 1.D. x 0.38" (0.97) Long 
L4— 9 Turns, #20 Enamai Wire, Close Wound on R1 
L5 — FERROXCUBE #56-570-65/3B, 5 Ferrite Beads, on 1'’ Long #20 Wire 
Input/Output Connectors — Type N 
Board — Glass Teflon Mounted on a 4”" x 4" x 2”° SEEZAK Box 
FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
50 
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MRF 450 
MRF450A 


MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 
50 W — 30 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


. . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@® Specified 13.6 Volt; 30 MHz Characteristics — 
Output Power = 50 Watts 
Minimum Gain = 11 dB 
Efficiency = 50% 


MRF450 
Case 211-09 


wer j 
\ ea 8 
SEATING PLANE 


MILLIMETERS| {NCHES _| 


nlalo 

ro) c- -] 

@ nN? 
a)9/° 
dard bed 
col col oo 
Orem 


tad 

bd Lad bad Bind bend ad 
= a] CO) =} CO Oo 
@o CO} sa] oe] 1 CO 
Blolsfololola 

~ oS Fad hod end 

iat] ita] RO} NEN: 

i=] o wom 


STYLE |: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


Qo 
oo 
f=) 
iJ 
Oo 
i—) 
si 


°K 
md 
w 
=) 


MAXIMUM RATINGS 
CD Rating «Symbol _] 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range -65° to +200° °C 


MRF450A 


THERMAL CHARACTERISTICS 


STYLE 1: 
PIN.1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


Y_7.59 | 7.80 [ 0,299 [0.307 | 
4.00 [4.52 (0.158 | 6.178 | 
[T | 231 | 254] 0.083] 0.100 | 
Lu {249 | 3.35 | 0.098} 0.132 | 
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MRF450 @ MRF450A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | 


a ee ee eee 


Collector-E mitter Breakdown Voltage 
(Ic = 100 mAdc, Ig = 0) 
Coilector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Vee = 0) 
Collector-Base Breakdown Voltage 
(ig = 20 mAde, Ie = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 10 mAde, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(ig = 1.0 mAde, VcE.= 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vdc, le = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
AVec = 13.6 Vdc, Poyr = 50 W, Ic(max) = 


Collector Efficiency 
(Vcc = 13.6 Vde, Poy: = 50 W, Iclmax) 


‘Series Equivalent Input Impedance | Zin 1.56-j.89 Ohms — 
Series Equivalent Output Impedance 174-j.50 
Pog Beventouesowit=sommy | | 


6.13 Adc, f = 30 MHz) 


= 6.13 Adc, f = 30 MHz) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MRF450 e MRF450A 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


Output 


ci - 14-150 pF, ARCO 424 


C2,C3,C4 — 170-780 pF, ARCO 469 

C5,C8 — ERIE 0.1 uF @ 100 V RED CAPS 

c6 — 1000 pF UNELCO, 350 Vdc 

CPs 10 pF, 35 Vde 

R1 — 100 2, 2 W Carbon 

a= 0.15 WH Molded Choke MILLER 

L2 — FERROXCUBE, VK200-20-4B 

L3 — 3 Turns, #14 Bare Tinned Wire, 0.3’ (0.79) 1.D. x 0.38" (0.97) Long 
L4 — 9 Turns, #20 Enamal Wire, Close Wound on R1 

LS — FERROXCUBE #56-570-65/3B, 5 Ferrite Beads, on 1°’ Long #20 Wire 


Input/Output Connectors — Type N 
Board — Glass Teflon Mounted on a 4” x 4" x 2" SEEZAK Box 


FIGURE 2 — INPUT POWER versus OUTPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pin = 3.5 W 
f= 30 MHz 


Pout. QUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 
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MOTOROLA > MRF453 


Semiconductors ||  —s MRF453A 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| Advance Information 


The RE Line 


60 W — 30 MHz 
RF POWER 


TRANSISTORS 
NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


MRF453 


STYLE 1: 
PIN 1, EMITTER 
2, BASE 
3. EMITTER 
4. COLLECTOA 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 60 Watts 
Minimum Gain = 13 dB 
Efficiency = 55% 


BEATING PLANE 
WRENCH FLAT 


MRF463A 


Thermal Resistance, Junction to Case 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MATCHING PROCEDURE 


In the push-pull circuit configuration, it is preferred that the tran- 
sistors are used as matched pairs to obtain optimum performance. 

The matching procedure used by Motorola consists of measuring 
hee at the data sheet conditions and color coding the device to 
predetermined hee ranges within the normal hee limits. A color. 
dot is added to the marking on top of the cap. Any two devices 
with the same color dot can be paired together to form a matched 
set of units. 


This is advance information and specifications are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| Seeeee 2 [Symbor [min [Tye 
‘OFF CHARACTERISTICS 


| Coilector-Emitter Breakdown Voltage 
| (Ig = 100 mAde, Ig = 9) 
{Coliector-Emitter Breakdown Voltage 
(t¢ = 50 mAdc, Vge = 0) 
lEmitter-Base Breakdown Voltage 
(le = 10 mAde, Ic = 0) 
‘ON CHARACTERISTICS 
DC Current Gain 
| (Ig = 5.0 Adc, Veg = 5.0 Vdc) 
“BYNAMIC CHARACTERISTICS 
[ Output Capacitance 
| (Veg = 12.5 Vae, Ig = 0, f = 1.0 MHz) - 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
| (Voc = 12.5 Vde, Pout = 60 W, f = 30 MHz) 
Collector Efficiency “ 
(Voc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 
| Series Equivalent Input Impedance 
(Voc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 
| Series Equivalent Output impedance 
| (Veg = 12.5 Vie, Pout = 60 W, f = 30 MHz) 


| Parallel Equivalent Input Impedance ) 
| (Veg = 12.5 Vde, Pout = 60 W, f = 30 MHz) 


tcl amaeithionid undmadsanal 
Beds CE ene SE Band 
ARSE beicee MA et 
ee ees 
LS 


Paralle! Equivalent Output Impedance 
| (Veg = 12.5 Vde, Pout = 60 W, f = 30 MHz) 


1.75/330 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 
RF 
input 
c1,C2,C4a4 ARCO 469 1 3 Turns, #18 AWG, 5/16” !.0., 5/16’’ Long 
C3 ARCO 466 L2 VK200 — 20/48, FERROXCUBE 
C5 1000 pF, UNELCO L3 12 Turns, #18 AWG Enameled Wire, 1/4” |.0., 
C6,C7 0.1 mF Disk Ceramic Close Wound 
C8 1000 wF/15 V Electrolytic 4 3 Turns 1/8” O.D. Copper Tubing, 3/8” 1.0., 
R11 10 Ohm/1 Watt, Carbon 3/4°" Long 
L5 7 FERRITE Beads, FERROXCUBE #56-590-65/38 
FIGURE 2 ~ OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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Pout, POWER OUTPUT (WATTS) 
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_ Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


-. Gesigned for power amplifier applications in industrial, com- 
mercial and amateur radio equipment to 30 MHz. 


@ Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 60 Watts 
Minimum Gain = 13 dB 
Efficiency = 55% 


MAXIMUM eee 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that 
the transistors are used as matched pairs to obtain optimum 
performance. 

The matching procedure used by Motorola consists of 
Measuring hfe at the data sheet conditions and color cod- 
ing the device to predetermined hfe ranges within the 
normal heE limits. A color dot is added to the marking on 
top of the cap. Any two devices with the same color dot 
can be paired together to form a matched set of units. 


MRF455 
MRF455A 


60 W — 30 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


MR F455 


YLE| 
PIN 1. EMITTER 
2, BASE 
3. EMITTER 
4. COLLECTOR 


oo | INCHES | 


MIN 


MRF455A 


STYLE 1: 
PIN 1 EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


vn METERS [inches | 
| MIN [MAX | MIN | MAX | 

TA | 9.40 | 9.78 ['0.370 | 0.385 | 
[8 | 813 | 8.38 | 0.320 | 0.330 | 

. Ee | 17.02 [20.07 | 6.670 | 0.790 | 


MRF455 e MRF455A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[SC vacteristic ——SSSSCSC*dCS mb | “Min Typ “Max [Uni] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(ie = 10mAdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain NFE 10 150 
(te = 5.0 Adc, Veg = 5.0 Vdc} 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcop = 12.5 Vdc, te = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Veco = 12.5 Vde, Poyt = 60 W, f = 30 MHz) 


e 
Collector Efficiency n 55 
(Vcc = 12.5 Vde, Poyt = 60 W, f = 30 MHz) 
Series Equivalent Input impedance Zin 1.66-).844 
(Vcc = 12.5 Vdc, Poy; = 60 W, f = 30 MHz) 
Series Equivalent Output Impedance ee ae 1.73-j.188 ae 


. G 


(Voc = 12.5 Vde, Poyt = 60 W, f = 30 MHz) 

Parallel Equivalent Input Impedance Le 
(Voc = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 

Parallel Equivalent Output Impedance 
(Vec = 12.5 Vdc, Poyt = 60 W, f = 30 MHz) 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC f {} LH} {} t} i f = 


12.5 Vdc 


RF 
Output 
RFE 
Input 
C1,C2,C4 ARCO 469 ut 3 Turns, #18 AWG, 5/16 1.0., 5/16" Long 
C3. ARCO.466 L2 VK200 20/48, FERROXCUBE 
C5 1000 pF, UNELCO L3 12 Turns, #18 AWG Enameled Wire, 1/4 1.D., 
C6. C7 Our Orsk Ceramic Close Wound 
, cs 1000 wF/15 V Electrotytic L4 3 Turns 1/8''O.0. Copper Tubing, 3/8" 1.D., 
R14 10 Ohm tT Watt, Curbon 3/4" Long 
LS 7 FERRITE Beads, FERROXCUBE +56 590-65/3B 
FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
Pout. POWER OUTPUT (WATTS) 


Q 0.5 1.6 1.5 2.0 25 3.0 3.5 4.0 45 5.0 8.0 90 10 11 12 13 14 15 16 17 18 
Pin. INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
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MOTOROLA 
Semiconductors | — MRF475 


The REF Line 


12 W (PEP) — 4.0 W (CW) — 30 MHz 


NPN SILICON RF POWER TRANSISTOR RF POWER 


TRANSISTOR 


... designed primarily for use in single sideband linear amplifier 
output applications in citizens band and other communications 
equipment operating to 30 MHz. 


NPN SILICON 


® Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation. 


@® Specified 13.6 V, 30 MHz Characteristics — 
Output Power = 12 W (PEP) 
Minimum Efficiency = 40% (SSB) - 
Output Power = 4.0 W (CW) 
Minimum Efficiency = 50% (CW) 
Minimum Power Gain = 10 dB (PEP & CW) 


@® Common Collector Characterization 


MAXIMUM RATINGS 


Rating : 
Collector-Emitter Voltage VCEO Vde 


A 

| 

Collector Current - Continuous ’ 
Total Device Dissipation @ Tc = 50°C | 
Derate above 50°C K 


Operating and Storage Junction 
Temperature Range 


STYLE 1: 
PIN 1. BASE NOTE. 
2. COLLECTOR 1. OIM. L & H APPLIES 
3. EMITTER TO ALL LEADS. 


4. COLLECTOR 


Adjust for 1CQ 20mA 


0.500 | 0.562 


ARCO 466 Trimmer Capacitors 10 LH Molded Choke 
- 1000 uF, 3.0 Vde Electrolytic 15 Turns #20 AWG Wire 
0.1 uF Disc Ceramics on 5.6 k, 
100 wF, 15 Vde Electrolytic 1.0 Watt Carbon Resistor 
10 $2, 5.0 Watz Resistor 5 Ferroxcube, #56-590-65/3B, 
10 92, 1.0 Watt Resistor Beads on #18 AWG Wire 
2.2 WH Molded Choke 1N4997 
4 Turns =18 AWG Wire, CASE 2214-02 
1/2°°1.D., 5/16" Long TO-220AB 


R.12 


MRF475 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[_—___Chavactoristic ——SSS~SCS~™SCSSSymbot [Min tye [Mex «Cnt 


OFF CHARACTERISTICS 
(I¢ = 20 mAdc, Ig = 0) 
(Mtgteomaenvecso 
(i¢ = 50 mMAdc, Vee = 0) 
Emitter-Base Breakdown Voltage i ee 
(Ie = 5.0 mAdc, Ic = 0) 
ed 
(Vcp = 25 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 30 ton 
(I¢ = 500 mAdc, Vceg = 5.0 Vac) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcpg = 13.6 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (SSB) 
Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, *Pout = 12 W, 1 = 30 MHz, 
f2 = 30.001 MHz, icq = 20 mA) 
Collector Efficiency 
(Vcc = 13.6 Vdc, *Pour = 12 W, f1 = 30 MHz, 
#2 = 30.001 MHz, Icq = 20 mA) 
Intermodulation Distortion 
(Voc = 13.6 Vdc, *Pouy = 12 W, f1 = 30 MHz, 
#2 = 30.001 MHz, Icq = 20 mA) 
FUNCTIONAL TESTS (CW) 


Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, Pout = 4.0 W, f = 30 MHz) 


Collector Efficiency 


(Vec = 13.6 Vde, Pout = 4.0 W, f = 30 MHz) 


*PEP : 
(1) Percentage Up-Modulation is measured in the test circuit (Figure 1) by setting the Carrier Power (P,) to 4.0 Watts with Vcc = 13.6 Vde and 
noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver modulation. 


PEP 
Percentage Up-Modulation = — -11 0100 
Pe 


MOTOROLA Semiconductor Products inc. 
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MRF475 


FIGURE 3 — INTERMODULATION DISTORTION 


versus OUTPUT POWER 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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f = 30,30.001 MHz 
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FIGURE 5 ~ OUTPUT CAPACITANCE versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 ~ POWER GAIN versus FREQUENCY 


FIGURE 6 — OUTPUT RESISTANCE versus FREQUENCY 


TTT 
Corer 


15 


er a a 
ce Ek | 
eins See 


Vcc = 13.6 Vde 


ica 


20 mA 
Pout = 12 W PEP 

| 

eel 


(SWHO) 39 “Wwisisau indino 
LNJTVAINDS T3TT VEE OMY 


er (MHz) 


FREQUENCY (MHz) 


@) MOTOROLA Semiconductor Products Inc. 


5-15 


MRF475 


FIGURE 8 — IMPEDANCE COORDINATES — 50-OHM CHARACTERISTICS IMPEDANCE 
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= 13.6 Vde 


ARCO 466 Trimmer Capacitors 4 — 0.33 WH Molded Choke 


C2 — ARCO 463 Trimmer Capacitor L2 — 4 Turns +18 AWG Wire, 1/8” 1.0., 5/16" Long 

C3,4,7 — 0.1 uF Ceramic Disc RFC1 — 18 wH Molded Choke 

cé . ~ ARCO 469 Trimmer Capacitor RFC2 -- 15 Turns =20 AWG Wire on 100 82, 1.0 W Carbon Resistor 
c8 — 100 uF 15 Vde Electrolytic RFC3 — Ferroxcube, +56-590-65/3B, Beads on =18 AWG Wire 

R11 — 250 2, 2.0 W Potentiometer 

R2 — 5.1 22, 1/2 W Resistor 

R3 — 512, 2.0 W Resistor 


) MOTOROLA Semiconductor Products Inc. 
5-16 


MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| | The RF Line - | 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for use in single sideband linear amplifier 
output applications in citizens band and other communications 
equipment operating to 50 MHz. 


® Characterized for Single Sideband and Large-Signal Amplifier 
Applications Utilizing Low-Level Modulation 


@ Specified 12.5 V, 30 MHz Characteristics — 


Output Power = 3.0 W (PEP) 
Minimum Efficiency = 40% (SSB) 
Output.Power = 3.0 W (CW) 
Minimum Power Gain = 15 dB (PEP) 


@ Common-Emitter Characterization 


MAXIMUM RATINGS 


[GoreciorEmierVorege ——SSS~*dtCS ceo | 
[GolictorBase Voge ———=SC*~*~‘dtCSCS cw YC 
[EmitierBase Vohage —=—SSCS~*dtCSC ew 
[Goliector Current — Gontinuow |g } 10 _| 


Total Device Dissipation @ Ta = 25°C (1) | 
Derate above 25°C 57.2 


36 
10 
Storage Temperature Range -65 to + 150 


(1) These devices are designed for RF operation. The total device dissipation rating 
. applies only when the devices are operated as RF amplifiers. 


THERMAL CHARACTERISTICS | 


Characteristic 


Thermal Resistance, Junction to Case 


MRF476 


3.0 W (PEP)-3.0 W (CW) — 30 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


oe 
J SECT A-A 


NOTE: 
1. DIM. & & H APPLIES 
. COLLECTOR TO ALL LEADS. 
. EMITTER 
. COLLECTOR 


al MILLIMETERS 

| MIN | MAX | | MAX | 
| A | 15.17 | 15.75 [0.595 | 0.620 | 
Bt 966 | 


CASE 221A-02 
TO-220AB 


MRF476 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage BVcEO i a 
(Ic = 10 mAdc, Ig = 0} 
(Ic = 25 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage Se ae 
(te = 1.0 mAdc, Ic = 0) 
(Vcg = 15 Vdc, te = 0) 
ON CHARACTERISITCS 


DC Current Gain hFE 
(ic = 250 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Veg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 

Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poy: = 3.0 W (PEP) f1 = 30 MHz, 
f2 = 30.001 MHz, {CQ = 20 mA) 

Collector Efficiency © 
(Vcc = 12.5 Vdc, Pour = 3.0 W (PEP) f1 = 30 MHz, 
f2 = 30.001 MHz, ICQ = 20 mA) 

intermodulation Distortion 
(Vcc = 12.5 Vde, Pout = 3.0 W (PEP) f1 = 30 MHz, 
#2 = 30.001 MHz, ICQ = 20 mA 


50 MHz PERFORMANCE 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 3.0 W, f = 50 MHz) 


FIGURE 1 — 30 MHz TEST CIRCUIT SCHEMATIC 


R1 RFC3 
+0 O+ 
+ C4 + 
D1 
oo cs cé6 C8 c9 
an a | ] =. o“ J Be —.) ~ 
RFC1 | RFC2 
; ‘41 al 
c1 Output 
AE So TUT 
Input ed . 
c2 R2 
C2 — Arco 466 Trimmer RFC1 — 10 nH Molded Choke 
C1, C7 — Arco 469 Trimmer . RFC2 — 1.9 nH Molded Choke (Ohmite 2-144) 
C3 — 500 uF,3.0 V Electrolytic RFC3 — 6 Ferroxcube Beads on #18 AWG Wire 
.C4, C5, C8 — 0.1 uF Erie Redcap 
: — MR751 

C6 — 1000 pF UNELCO Bir NEATS 
C9 — 100 uF, 15 V Electrolytic Board — G10, 2-sided 2 oz. Copper Clad 
Ri — 33 25 W Wire Wound Connectors — Type N 


R2 — 50 2 1/2 W Carbon 


L1— 0.22 pH Molded Choke 
L2 — 5 Turns #18 Enameled Wire, 1/4'’ ID 


(Ms) MOTOROLA Semiconductor Products inc. 
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MRF476 


FIGURE 2 — POWER GAIN versus FREQUENCY 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


SEREEEAURE 
AT 
NTT 


dia 
CATT 


Toh 
COP 


(9P) NIV9 HAMOd ‘3d9 


Vec = 12.5V 
ICQ =20mA 
= 3.0 W PEP 


Po 


Pin, INPUT POWER (mW) 


f, nents (MHz) 


FIGURE 4 — OUTPUT POWER versus INPUT POWER 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — INTERMODULATION DISTORTION 


versus OUTPUT POWER 


FIGURE 7 — OUTPUT CAPACITANCE versus FREQUENCY 
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MOTOROLA 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


. . . designed for 12.5 Volt amplifier applications in 27 MHz 
Citizen-Band applications. Suitable for use as a driver for the 
MRF8004. 

Specified 12.5 Volt, 27 MHz Characteristics — 

Output Power = 0.5 Watt 
Minimum Gain = 10 dB 
Efficiency = 50% 


MAXIMUM RATINGS 


Collector - Emitter Voltage 


Collector - Base Voltage 


Emitter - Base Voltage 


Collector Current - Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate Above 25°C 


Storage Temperature Range T stg -65 to +200 
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MRF 8003 


0.5 W — 27 MHz 


HIGH FREQUENCY | 
TRANSISTOR 


NPN SILICON 


SEATING 
PLANE 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


_ 
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All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MRF8003 


ELECTRICAL Sai la eae a aes (Tc = 25°C unless otherwise noted) 


aA —_—__ a ASS a Oe a 


_OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, !g = 0) 

Collector-Emitter Breakdown Voltage 
(I¢ = 0.1 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 0.5 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcog =12 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain hrE | 
(I¢ = 100 mAdc, Vege = 10 Vac) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vop = 12.5 Vde, Ie = 0, f = 1.0 MHz! 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Veg = 12.5 Vde, Pout = 0.5 W, f = 27 MHz) 
Collector Efficiency 

(Voc = 12.5 Vde, Pout = 0.5 W, f = 27 MHz) 


FIGURE 1 — 27 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vdc 


f$-—_—__+—_~. 


Cc1,C2,C3,C4 9.0-180 pF ARCO 463 or equivalent 
25 pF UNDERWOOD 
100 pF UNDERWOOD 
1000 pF UNDERWOOD 
10 uF ELECTROLYTIC 
0.47 BH Molded Coil 
VK 200-20/48 RFC 
16 Turns No. 26 Wire Closewound on R1 
390 9,2W 


: (AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


MRF8004 


The RF Line 


NPN SILICON RF POWER TRANSISTOR © 


. . . designed primarily for use in large-signal output amplifier stages. 
Intended for use in Citizen-Band communications equipment operat- 
ing to 30 MHz. High breakdown voltages allow a high percentage of 
up-modulation in AM circuits. 


@ Specified 12.5 V, 27 MHz Characteristics -- 
Power Output = 3.5 W 
Power Gain’ = 10dB 
Efficiency = 70% Typical 


MAXIMUM RATINGS 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous Ic 


Total Device Dissipation @ Tc = 25°C (1) Pb 
Derate above 25°C 


Storage Temperature Range T stg ~65 to +200 


“FIGURE 1 — 27 MHz TEST CIRCUIT 


Vcc 
12.5 Vde 


9.0-180 pF ARCO 463 or Equivalent RFC2 26 Turns #22 Enameled Wire (2 Layers — 
§.0-80 pF ARCO 462 or Equivalent 13 Turns Each Layer) %" Inner Diameter 
0.02 nF Ceramic Disc Lt 0.22 wH Molded Choke 


6.1 uF Ceramic Disc 12 0.68 wH Moided Choke 
4 Turns #30 Enameled Wire Wound on 
Ferroxcube Bead Type 56-590-65/38 


(1) this device is designed for RF operation. The total device dissipation rating 
applies only when the device is operated as an RF amplifier. 


3.5 W — 27 MHz 
RF POWER 
TRANSISTOR 


NPN SILICON 


f 
SEATING 
PLANE 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MRF8004 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage 
(t¢ = 200 mAdc, VgeE = 0) 


Emitter-Base Breakdown Voltage 
(le = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = 400 mAdc, VcE = 2.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 12.5 Vdc, Ie = 0, f = 1.0MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(Pout = 3-5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


Collector Efficiency (2) (See Figure 1) 
(Pout = 3.5 W, Vcc = 12.5 Vde, f = 27 MHz) 


Percentage Up-Modulation (1) (See Figure 1) 
(f = 27 MHz) 


Parallel Equivalent Input Resistance 
(Pout = 3.5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


Paraliel Equivalent Input Capacitance 
(Pout = 3.5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


| Parallel Equivalent Output Capacitance 
(Pout = 3-5 W, Vcc = 12.5 Vdc, f = 27 MHz) 


(1) Percentage Up-Modulation is measured in the test circuit (Fig- 


ure 1) by setting the Carrier Power (P,) to 3.5 Watts with Vcc = Re Pout 
12.5 Vdc and noting the power input. Then the Peak Envelope (2) 7 
Power (PEP) is noted after doubling the original power input to (Vcc) (Ic) 


simulate driver modulation (at a 25% duty cycle for thermal con- 
siderations) and raising the Vcc to 25 Vdc (to simulate the modu- 
lating voltage). Percentage Up-Modulation is then determined by 


the relation: 
PEP\ 1/2 
Percentage Up-Modulation = — -1f e100 
Po 
FIGURE 2 — CIRCUIT TUNED AT 25 V, 25% DUTY CYCLE, FIGURE 3 — CIRCUIT TUNED AT 12.5 V.P,,7 = 4 W 
©: 1 OU 


Pout = 15 WPEAK 


20 


Ef S 
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0 0.2 0.4 0.6 0.8 1.0 0 0.3 0.6 0.9 1.2 1.5 
Pin, INPUT POWER (WATTS) ; Pin, INPUT POWER (WATTS) 
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27-50 MHz, ee: 


MOTOROLA 


Semiconductors 2N584/ 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


7.0 W — 50 MHz. 
RF POWER 
TRANSISTOR 


NPN SILICON 
NPN SILICON RF POWER TRANSISTORS 


. designed primarily for use in large-signal amplifier driver and pre- 
driver stages, these devices are intended for use in industrial commun- 
ications equipment operating at frequencies to 80 MHz. 


® Specified 12.5 Volt, 50 MHz Characteristics — 
Output Power = 8.0 W 
Minimum Gain = 10 dB 
Efficiency = 50% 


SEATING PLANE ©& = 
WRENCH FLA 


*MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


ina ea MILLIMETERS 


| MIN | MAX [ MIN | MAX_| 

LA | 9.40 | 9.78 | 0.370 | 0.385 | 

88.13 8.38 | 0.920 | 0.330 | 

LC | 17.02 | 20.07 | 0.670 | 0.790 | 
[5.46 | 5.97 | 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction Ty. Tstg -65 to +200 ba 6 
Temperature Range 


“Indicates JEDEC Registered Data. 


LK 
pet hap T 17 Tbe 0.070 
| 450 NOM_| 


LP | | 127 | — | 0,050 | 
ee 

| 4.01 | 4.52 | 0.158 | 0.178 | 
ee ones Coto 
ru | 2.49 | 3.36 | 0.098 | 0.132 | 


1454-09 
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2N5847 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic | symbol [Min | Max unit 


OFF CHARACTERISTICS _ 


Coliector-Emitter Breakdown Voltage(1) 
(i¢ = 200 mAdc, !g = 0) 


Emitter-Base Breakdown Voitage 
(Ig = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current 
(Voce = 15 Vdc, Vee = 0, Te = 125°C) 
Collector Cutoff Current . 
(Vcg = 15 Vde, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(i¢ = 500 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcg = 18 Vde, Ie = 0, f = 0.1 to 1.0 MHz) 
FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vde, Poy; = 8.0 W, f = 50 MHz) 
Output Power 

(Vcc = 12.5 Vdc, Pj, = 800 mW, f = 50 MHz) 
Collector Efficiency 

(Vcc = 12.5 Vdc, Poy; = 8.0 W, f = 50 MHz) 


*Indicates JEDEC Registered Data 
(1)Pulsed thru a 25 mH inductor. 


FIGURE 1 — 50 MHz TEST CIRCUIT 


+ 


12.5 Vde 


RF Qutput 


RF Input 


C1,€3,C4 25-280 pF, Arco 464 or Equivalent 

80-480 pF, Arco 466 or Equivalent 

1000 pF Feedthru 

0.1 uF, 75 Vde 

1 Turn, #14 AWG 4" 1.0. 

Large Ferrite Bead, 2% Turns 

3 Turns, #14 AWG, 4%” 1B. 

20 Turns, 418 AWG NYCLAD Wire, 
2 Layers (10 Turns Per Layer) 
“°° 1.0. 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N5847 


FIGURE 2 —OUTPUT POWER versus INPUT POWER 


Voc =12.5V 
f= 50 MHz 


Pout, GUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — POWER DISSIPATION DERATING 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 6 — PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 


800 


Cin, INPUT CAPACITANCE (pF) 


f, FREQUENCY (MH2) 


Cout. OUTPUT CAPACITANCE (pF) 


Pout. OUTPUT POWER (WATTS) 


F 


Rin, INPUT RESISTANCE (QHMS) 


FIGURE 3 - OUTPUT POWER versus FREQUENCY 


0 40 5 


100 


f, FREQUENCY (MHz) 


IGURE 5 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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FIGURE 7 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 


f, FREQUENCY (MHz) 
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MOTOROLA 


} Semiconductors 2N9848 


BOX 20912. PHOENIX, ARIZONA 85036 


The REF Line 


20 W-50 MHz 
RF POWER 


TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


. . . designed primarily for use in large-signal amplifier driver and 
output stages, the 2N5848 is intended for use in industrial communi- 
« cations equipment operating at frequencies to 80 MHz. 


-@ Optimized for Operation from a 12.5 Volt Supply 
@ 20 Watts (Min) RF Power Output at 50 MHz 


®@ Balanced Emitter Construction for Burn Out Protection 


*MAXIMUM RATINGS 


| Rating =| Symbot_—| Value — | unit, | crt, 
Cotiector-Emitter Voltage VcEO sae 
3. EMITTER 


4. COLLECTOR 


Emitter-Base Voltage | 40 
Collector Current — Continuous 


Total Device Dissipation @ T¢ = 25°C 
Derate above 25°C 


| Storage Temperature Range 
Stud Torque (1) 


* Indicates JEDEC Registered Data. 
(Veo repeated assembly use 5 in-Ibs. 
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2N5848 


"ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 100 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 50 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage 


(Ie = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
| (Vee = 15 Vde, Vee = 0, Ta = +125°C) 


Collector Cutoff Current 
(Vcg = 15 Vde, te = 0). 


ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 1.2 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


| Common-Emitter Amplifier Power Gain 
(Pout = 20 W, Vcc = 12.5 Vde, I¢ = 3.2 Adc, f = 50 MHz) 


| Collector Efficiency 
(Pout = 20W, Vec = 12.5 Vde, Ic = 3.2 Adc, f = 50 MHz) 


*Indicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 


FIGURE 1 — 50 MHz POWER GAIN TEST CIRCUIT 


C1, C8, C9 20-300 pF ARCO 464 Capacitor 

C2 40-600 pF ARCO 466 Capacitor 

C3,C4 100 pF UNDERWOOD 
Vcc C5 0.001 uF MICA Dipped Capacitor 

O ; g C6 20 pF Capacitor 

C7 0.001 uF UNDERWOOD Capacitor 
Li 3/4 Turns #16 AWG, 3/8” 1D, 1-1/4” Long 
L2 2 Turns #18 AWG, 3/8” 10, 1-1/4” Long 
13 Turns #16 AWG, 1/4° ID 


MOTOROLA Semiconductor Products inc. AA 
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2N5848 


Pout. QUTPUT POWER (WATTS) 


Rin, PARALLEL INPUT RESIST ANCE (OHMS) 


Cout, PARALLEL OUTPUT CAPACITANCE (pF) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


f = 50 MHz 
Veco = 12.5 Vde 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 6 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 
+ 
Pout = 20 W 
Veco = 12.5 Vde 


f, FREQUENCY (MHz) 


Pout. QUTPUT POWER (WATTS) 


Cin. PARALLEL INPUT CAPACITANCE (pF) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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f, FREQUENCY (MHz) 


FIGURE 5 — PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 7 — OUTPUT POWER versus 
SUPPLY VOLTAGE 


6.0 8.0 10 120 14 16 18 


Vcc, SUPPLY VOLTAGE (VOLTS) 


AA MOTOROLA Semiconductor Products Inc. 


2N5848 


LOW-BAND FM (25-50 MHz) 12.5 Vde, 100 WATT AMPLIFIER 


(AA) MOTOROLA Semiconductor Products inc. 
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Semiconductors 2N5849 


BOX 20912. PHOENIX, ARIZONA 85036 


40 W-50 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON. 
NPN SILICON RF POWER TRANSISTOR 


.... designed primarily for use in large-signal amplifier output stages, 
the 2N5849 is intended for use in industrial communications equip- 
ment operating at frequencies to 80 MHz. 


® Specified 12.5 Volt, 50 MHz Characteristics — 
Output Power = 40 Watts 
Minimum Gain = 7.5 dB 
Efficiency = 50% 


“MAXIMUM RATINGS 


ar STYLE 1: 
_Collector-Emitter Voltage VCEO PIN 1. EMITTER 
Collector-Base Voltage 2. BASE 
| 3. EMITTER 


“Emitter-Base Voltage 4. COLLECTOR 


al MILLIMETERS] INCHES | 
| MIN | 


| MAX | MIN | MAX | 
LA} 12.45 | 12.95 | 0.490 | 0.510 | 
10.80 | 0.415, 


*tndicates JEDEC Registered Data. 


This device is designed for RF operation. The total device dissipation 
rating applies only when the device is operated as an RF amplifier. 


145A-10 
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2N5849 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) BVCEO 
(Ic = 200 mAdc, Ig = 0) 

| Collector-Emitter Breakdown Voltage(1) BVcES 
(Ic = 100 mAdc, Vee = 0) 

Emitter-Base Breakdown Voltage BVEBO 
(Ie = 10 mAdc, I¢ = 0) 


(VcE = 15 Vde, Vge = 0, Ta = +125°C) 


Collector Cutoff Current ICBO mAdc 
(Vcp = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


| Oc Current Gain 
(Ic = 2.4 Adc, Vcg = 5. 0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vdc, ig = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 40 W, Vcc = 12.5 Vde, f = 50 MHz) 


Collector Efficiency 
(Pout = 40 W, Vcc = 12.5 Vde, f = 50 MHz) 


“Indicates JEDEC Registered Data. 
(1)Pulsed thru a 25 mH Inductor. 


FIGURE 1 — 50 MHz POWER GAIN TEST CIRCUIT 


C1 = 25-280 pF, Arco 464 or Equivalent 

C2. 80-480 pF, Arco 466 or Equivalent 

C3. (0-75 pF, Hammarlund MAPC 75 or Equivalent 

C4 0-50 pF, Hammarlund MAPC 50 or Equivalent 
L101 Turn #14 AWG 5/16" 1.D. 

L2 2-1/2 Turns #22 AWG on 3/8" Ferrite Bead 

L318 Turns #18 AWG 3/8" I.D. 2 Layers, 9 Turns Each 
L4 4 Turns #14 AWG 7/16" 1.0. 7/16" Long 


MOTOROLA Semiconductor Products Inc. AA 
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2N5849 


FIGURE 2 — POWER OUTPUT versus POWER INPUT 


f = 50 MHz 
Voc = 12.5 Vde 


Pout. OUTPUT POWER (WATTS) 
ww 
fa] 


Pin, INPUT POWER (WATTS) _ 


FIGURE 4 — PARALLEL EQUIVALENT INPUT 
RESISTANCE versus FREQUENCY 


Rin. INPUT RESISTANCE (QHMS) 


{, FREQUENCY (MHz) 


FIGURE 6 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 


Cout, OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) 


Ale ils! 


Pout, OUTPUT POWER (WATTS) 


ic, COLLECTOR CURRENT (AMP) 


FIGURE 3 — POWER OUTPUT versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 5 — PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY 


f, FREQUENCY (MHz) 


FIGURE 7 — DC SAFE OPERATING AREA 
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0.3 0 3.0 


05 07 1.0 2. 
Vceé, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N5849 


40 WATT, 50 MHz TRANSMITTER SCHEMATIC 


Z > O +12.5 Vde ; 
0.005 uF T 0.001 pF - 2 pF T a 0.05 uF 15 pF 
+ = | = = RFC2 
© RFC! 
RFC 43 nH 
3.9 WH 90 pF 30 nH 2N5849 
20 pF 190 nH | > A0.pF 
25-280 pF 0.18 pH 2N5847 25-280 pF 
2N4073 170-780. 102 RFC 
100.2 RFC Se 1S00E vkno* 7 i aa 
1.5-15 pF aw vk200" i 1 1 = = 
Pp =40W *Ferroxcube Part Number 
Pin = 20 mW RFC1 — 20 Turns #18 AWG, 3/16” 1.D., 2 Layers, 
Overall Gain = 33 dB 10 Turns Each, Close Wound. 


Overall Efficiency = 59.2% RFC2 — 18 Turns, #18 AWG, 3/16” I.0., 2 Layers, 


9 Turns Each, Close Wound. 


(AA) MOTOROLA Semiconductor Products inc. 
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Semiconductors MRF 402 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


1.0 W — 50 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 
NPN SILICON RF POWER TRANSISTOR 


. . . designed for 12.5 Voit low band power amplifier applications 
required in industrial and commercial equipment. 


® Specified 12.5 Volt, 50 MHz Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain= 10dB 
Efficiency = 50% 


MAXIMUM RATINGS 
STYLE 1 
PIN 1, EMITTER 
2. BASE 
3. COLLECTOR 


MILLIMETERS | INCHES | 
| MIN [MAX | MIN | MAX | 
| A | 889 [9.40 | 0.350[ 0.370 


w 


Total Device Dissipation @ Ty = 25°C 
Derate Above 25°C 
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| Storage Temperature Range 
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All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


.6-14 


MRF402 


Characteristic 


OFF CHARACTERISTICS : uo foes 
Collector-Emitter Breakdown Voltage 

(I¢ = 100 mAdc, Ip = 0) 7 
Collector-Emitter Breakdown Voltage 

(ic = 100 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage 

(t¢ = 0.25 mAdc, IG = 0) 


Collector Cutoff Current 

(Vcop = 15 Vdc, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain 


(ic = 250 mAde, Vc = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcg = 15 Vdc, I¢ = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS ; 
Common-Emitter Amplifier Power Gain 

(Voc = 12.5 Vde, Poyt = 1.0 W, Ic (max) = 160 mAde, f = 50 MHz) 
Collector Efficiency 


(Vcc = 12.5 Vde, Poyt = 1.0 W, Ic (max) = 160 mAdc, f = 50 MHz) 


FIGURE 1 — 50 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


C1,C2,C5 — 25-280 pF, ARCO 464 or equiv. L1— 2 Turns No. 18 AWG, 3/8" 1.D. 
C3 — 40 pF, 500 Vdc UNELCO L2 — 2 1/2 Turns, Small Ferrite Bead 
C4 — 9.0-180 pF ARCO 463 or equiv. L3— 5 Turns No. 18 AWG, 3/8" 1.0. 
C6 — 1000 pF feedthru L4— 1.0uH RF Choke 
C7 — 0.1 uF, 75 Vde 


(AA) MOTOROLA Semiconductor Products inc. 
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MOTOROLA 
Semiconductors 


BOX 209126 PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. .. designed for amplifier and oscillator applications in military 
and industrial equipment. Suitable for use as output, driver or pre- 
driver stages in VHF equipment. 


® Specified 175 MHz, 28 Vdc Characteristics — 
Output Power = 2.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 


*MAXIMUM RATINGS 


* Indicates JEDEC Registered Data. 


FIGURE 1 — OUTPUT POWER versus FREQUENCY 


Pout, RF POWER OUTPUT (WATTS) 


300 400 
f, FREQUENCY (MHz) 
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2N3553 


2.5 W — 175 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


i 
SEATING 
PLANE 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


[MILLIMETERS | INCHES _| 
| A_| 8.89 | 9.40 | 0.350 
| 8 | 8.00 [851 | 0.315 | 0.336 | 
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All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


2N3553 


*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Symbot__[ Min ve | Wax [une] 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vee = 30 Vdc, VgE(otf) = 1.5 Vde, Tc = 200°C) 
(Vce = 65 Vde, VeE(off) = 1.5 Vde) 


Emitter Cutoff Current 
(Vee = 4.0 Vde, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 250 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(1c = 100 mAdc, VcE = 28 Vdc, f = 100 MHz) 


Output Capacitance 

(Vcg = 30 Vdc, Ie = 0, f = 100 kHz) 
FUNCTIONAL TESTS 
Power Input 

(VoE = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 
Common-Emitter Amplifier Power Gain 

(Vege = 28 Vdc, Pout = 2.5 Watts, f = 175 MHz) 
Collector Efficiency 

(VCE = 28 Vdc, Poy: = 2.5 Watts, f = 175 MHz) 


“Indicates JEDEC Registered Data 
(1) Pulsed thru a 25 mH inductor. 


FIGURE 2 — 175 MHz TEST CIRCUIT SCHEMATIC 


1000 pF 

; 5 ae 
28 Vdc 
L1—2 Turns #16 AWG Wire 3/16 1.0., 1/4 Long 
L2 —2 Turns #16 AWG Wire 3/16” 1.D., 1/4” Long 
L3—3 Turns #16 AWG Wire 3/8" 1.C., 3/8" Long 


RF Output 
3.0-35 pF 


RF Input 


3.0-35 pF 3.0-35 pF 
3.0-35 pF 


(AA) MOTOROLA Semiconductor Products inc. | 
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MOTOROLA 
| Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


The REF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal amplifier stages in 


the 125-175 MHz frequency range. 


® Specified 28 Voit, 175 MHz Characteristics — 


Output Power = 7.0 Watts 
Minimum Gain = 8.4 dB 
Efficiency = 60% 


®@ Characterized from 125 to 175 MHz 


@ Includes Series Equivalent Impedances 


*MAXIMUM RATINGS 


Rating 


Operating and Storage Junction 
Temperature Range. 


*tndicates JEDEC Registered Data. 


Pvc 


Watts 
mwW/°C 
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7.0 W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


SEATING PLANE 
WRENCH FLAT 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


NOTE: 
1. DIM “N” IS FROM DIA “A” 
TO ANGLE “V” 


2N5641 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Note 1) BVCEO 35 Vde 
(Ic = 200 mAdc, |g = 0) 

Collector-Emitter Breakdown Voltage BVcES Vde 
(I¢ = 200 mAdc, VgeE= 0) 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(Ie = 5.0 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(VcR = 30 Vde, le = 0) 

ON CHARACTERISTICS | 


DC Current Gain | hrEe 5.0 
(tc = 100 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 30 Vdc, !¢ = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 7.0 Watts, VcEe = 28 Vde, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 7-0 Watts, VcE = 28 Vde, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
“indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Input 


C1,C3,C4 5.0to 80pF is, 


C2 9.0 - 180 pF 

cs 0.1 WF 

u1 1-1/4 Straight #14 AWG 
L2 3 Turns #16 AWG, 14” 1.D. 
L3 0.22 WH 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N5641 
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MOTOROLA | Semiconductor Products Inc. 
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f, FREQUENCY (MHz) 


238) 
Pr een 


28 V 


Vec= 13.6 Vde 
Vcc 


FIGURE 3 —~ OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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MOTOROLA | 
Semiconductors 2N5642 


BOX 20912 6 PHOENIX, ARIZONA 85036 


20 W — 175 MHz 


RF POWER 
TRANSISTOR 


PN ICON 
NPN SILICON RF POWER TRANSISTOR NPN SILICO 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. 


@ Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 8.2 dB 
Efficiency = 60% 

@ Characterized from 125 to 175 MHz 


® Includes Series Equivalent Impedances 


a 
WRENCH FLAT 2 a 


*MAXIMUM RATINGS és 
“STYLE 1: 


Rating PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


o 
i=] 
~~ 
i—) 


“Indicates JEDEC Registered Data. 
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1450-09 


2N5642 


*ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Note 1) | BVcEO | ] Vde 
|  (I¢ = 200 mAdc, ig = 0) | 
Collector-Emitter Breakdown Voltage BVCES Vdc | 
(Ic = 200 mAdc, Vge_ = 0) . 
Emitter-Base Breakdown Voltage | BVEgO | | Vde 
(tg = 10 mAdc, Ic = 0) 
Collector Cutoff Current | Icpo_—s| mAdc 
(Vcg = 30 Vdc, te = 0) 


ON CHARACTERISTICS 


OC Current Gain | | | hee | 7 
(I¢ = 200 mAdc, VcE = 5.0 Vac) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vog = 30 Vdc, Ig = 0, f = 0.1 to 1.0 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 20 Watts, VcE = 28 Vde, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 20 Watts, VcE = 28 Vde, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
"Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Input 


c1 3.0-30 pF 
C2,C3,C4 9.0-180 pF 
. C5 0.1 WF 
L1 1’ Straight #14 AWG 
L2 1 Turn #16 AWG, 1/4” 1.D. 
L3 0.22 nH 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N5642 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout. POWER OUTPUT (WATTS) 
Paut- POWER OUTPUT (WATTS) 


_ £, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA ON5643 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RE Line 


40 W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed primarily for wideband large-signal amplifier stages in 
the 125-175 MHz frequency range. 


@ Specified 28 Volt, 175 MHz Characteristics — 
Output Power = 40 Watts 
~ Minimum Gain = 7.6 dB 
Efficiency = 60% 
® Characterized from 125 to 175 MHz 
© Includes Series Equivalent I!mpedances 


i 
MAXIMUM RATINGS STYLE 1: 


feorenarsee vera Mcp | 88 ae 

fEnvieraasevorowe vee [to ae 
PoTererCoren—conmos te | 8a 
Ba 1 
342 


Watts 
mw/°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


Operating and Storage Junction | Ty.Tstg | -65 to +200 sl 
Temperature Range 


* Indicates JEDEC Registered Data. 
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2N5643 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


p Characteristic | Symbot min tye Max Unit 


OFF CHARACTERISTICS 


Coliector-Emitter Breakdown Voltage (Note 1) | BYcEO 35 mee 
(1¢ = 200 mAdc, !g = 0). 


Collector-Emitter Breakdown Voltage BVCES 
(tc = 200 mAdc, Vge = 0) 

Emitter-Base Breakdown Voltage BVEBO T= 
(Ig = 10 mAdc, I¢ = 0) 

Collector Cutoff Current ICBO mAdc 
(Vg = 30 Vac, Ig = 0) 

ON CHARACTERISTICS 


DC Current Gain hEE ae. 
(Ic = 500 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcg = 30 Vdc, Ig = O, f = 0.1 to 1.0 MHz) 
FUNCTIONAL TEST 


|\Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 40 Watts, Voce = 28 Vdc, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 40 Watts, VcgE = 28 Vdc, f = 175 MHz) 


Note 1: Pulsed through 25 mH inductor. 
*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF Input 


c1,02,C3,C4 ARCO 464 25-280 pF 


c5 0.1 pF 
1 1” Straight #14 AWG 
L2 1 Turn #16 AWG, 1/4" 1.D. 


13 0.22 wH 


AA MOTOROLA Semiconductor Products !nc. 


2N5643 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The REF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal driver and output 
amplifier stages in the 30—200 MHz frequency range. 


@® Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 30 Watts 
Minimum Gain ~ 10 dB 


® 100% Tested for Load Mismatch at All Phase 
Angles with 30:1 VSWR : 


® Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 


Symbol 

| [Vveso | 40 | vac _] 

Collector Current — Continuous 
82 
Cc 


Total Device Dissipation @ Tc = 25°C (1) Watts 
0.47 w/c 


Derate above 25°C 


| Max | unit _ | 


(1) These devices are designed for RF operation. The total device dissipation 
rating applies only when the devices are operated as RF amplifiers. 


Storage Temperature Range. 


Symbol 


7-13 


MRF314 
MRF314A 


30 W—30-200 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


MRF314 


YLE} 
PINT EMITTER 

2. BASE 

3 EMITTER 

4 COLLECTOR 


INCHES 


MRF314A 


STYLE I 


PIN | EMITTER 


2 BASE 


3 EMITTER 
4 COLLECTOR 


3.78 | 0.370 } 0.385 
8.38 | 0.320 | 0.330 
17,02 | 20.07 


3 
1.78 |.0.055 


2.54 | 0.083 | { 
3.35 | 0.098 [ 0 


CASE 1454.09 


MRF314 © MRF314A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain hee | 20 
(I¢ = 1.5 Adc, Vcg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcp = 30 Vdc, te = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 30 W, f = 150 MHz) 
Collector Efficiency 


(Vcc = 28 Vde, Poyt = 30 W, f = 150 MHz) 

Load Mismatch 
(Vcc = 28 Vdc, Pout = 30 W, f = 150 MHz, No Degration in Power Output 
VSWR = 30:1 all phase angles 


FIGURE 1 — 150 MHz TEST CIRCUIT 


R2 


:: [ O DC +28 Vdc 


cs cg C10 
rrc2 1 cet 
C7? 


L1 
on d (~ RF Output 
RF Input ——j ———n€ oe 
RFC1 
we C3 C4 iE 

C1,C7 — 18 pF, 100 mil ATC R1,R2— 102, 1.0W 

C2 — 68 pF, 100 mil ATC 5 

C3, C6 — Johanson #JMC 5501 tie = oe IS ee Ole 7 

C4 — 270 pF, 100 mil ATC fake — 7 Turns, 2.5'' #20 Wire, ID = 0,2 

C5 — 240 pF, 100 mil ATC — Ferroxcube VK 200— 19/4B 

C8, C9 — 100 pF Underwood Z1 — Microstrip 0.168’ W x 1.6°° L 
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L1— 2 Turns, 2.5" #20 Wire, 1D = 0.275” Board — Glass Teflon €, ~ 2.55 
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MRF314 © MRF314A 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — POWER GAIN versus FREQUENCY 
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MRF314 © MRF314A 


FIGURE 6 — SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
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MOTOROLA 


Semiconductors 


BOX 20912 «6 PHOENIX, ARIZONA 85036 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal output amplifier 
stages in the 30-200 MHz frequency range. 


@ Guaranteed Performance at 150 MHz, 28 Vdc 


Output Power = 45 Watts 
Minimum Gain = 9.0 dB 


@ 100% Tested for Load Mismatch at All Phase 
Angles with 30:1*VSWR 


® Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 


Thermal Resistance, Junction to Case ReJc 


| (1) These devices are designed for RF operation. The total device dissipation 
rating applies only when the devices are operated as RF amplifiers. 
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- MRF315 
MRF315A 


45 W — 30-200 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


MRF315 


STYLE 1: 
i PIN 1. EMITTER 
\ jw--—— A — 2. BASE 
3. EMITTER 
SEATING PLANE 4. COLLECTOR 


CASE 211-07 


MRF315A 


STYLE 1: 
PIN | EMITTER 
2. BASE 


3. EMITTER 
4. COLLECTOR 


| MIN | MAX_| 


ra ETERS, INCHES 
[Min [MAX | 
.38 | 0.320 | 0.330 | 


CASE 1454-09 


MRF315 e@ MRF315A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 40 mAdc, Vge = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 4.0 mAdc, ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee “20 
(I¢ = 2.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vcp = 30 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Pout = 45 W, f = 150 MHz) 
Collector Efficiency 

(Vcc = 28 Vdc, Pout = 45 W, f = 150 MHz) 


Load Mismatch 
(Vcc = 28 Vde, Poy; = 45 W, f = 150 MHz, No Degradation in Power Output 
VSWR = 30:1 all phase angles) 


FIGURE 1 — 150 MHz TEST CIRCUIT | 


tase | ; O +28 Vdc 


cg c10 C11 
L2 
ox L4 cB Output 

Input : é 

4 C6 FR C7? 
“T c3 RFC1 i i“ 
C1 — 30pF, 100 mil ATC L1 — 0.5"' #18 Wire 
C2 — 47 pF, 100 mil ATC L2 — 2 Turns, 1.5'’ #20 Wire, 1D = 0.15” 


C3, C7 — Johanson #JMC 5501 


C4, C5 — 200 pF, 100 mil ATC Z1, 22 — Microstrip 0.168’ W x 1,257 L 


C6 — 24 pF, 100 mil ATC RFC1— 15 pH Molded Coil 
C8 — 27 pF, 100 mil ATC RFC2 — 2 Turns, 2.5’’ #18 Wire, ID = 0.2” 
c9, C10 — 100 pF Underwood RFC3 — Ferroxcube VK 200- 19/4B 


C11 — 1.0 uF Tantalum R1,A2— 102, 1.0W 


Board —- Glass Teflon €p ~ 2,55 


FAOTOROLA Serniconductor Products iric. 
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MRF315 e MRF315A 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — EFFICIENCY versus FREQUENCY 


Pout = 45 W 
Vec = 28 V 


Gp, COMMON-EMITTER POWER GAIN (dB) 
n, EFFICIENCY (%) 


SERCSR IEEE 


fe ee 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


MOTOROLA Semiconductor Products inc. 


7-10 


MRF315 @ MRF315A 


FIGURE 6 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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MOTOROLA 
Semiconductors 


‘BOX 20912 6 PHOENIX, ARIZONA 85036 


_The RF Line 


NPN SILICON RF POWER TRANSISTOR: 


. designed primarily for wideband large-signal output amplifier — 
stages in the 30—200 MHz frequency range. 


Guaranteed Performance at 150 MHz, 28 Vdc 
Output Power = 80 Watts. 
Minimum Gain = 10 dB 

Built-In Matching Network for Broadband Operation 

100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 


Gold Metallization System for High Reliability Applications 


Collector-Emitter Voltage = “a stidL:CiS 
Coltector-Bese Voltage 
Emitter- -Base Voltage ) Sea shh ack 
Collector Current — Continuous. 
__, Peak seis 
Total Device Dissipation @Tc= 25°C (1) 
Derate above 25°C. 


. ores Temperature Range ” | os . 
THERMAL | CHARACTERISTICS _ ~ 
Characteristic _ 


Thermal | Resistance, Junction to 9 Care es 


mt, These devices are bts for RF operation. The tota! device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


MRF316 


80 W — 30-200 MHz 


CONTROLLED “0” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PEN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGEASOLATED 


MILLIMETERS 
MIN | MAX [| MIN | MAX | 


0.990 


PB | 12.45 [12.95 [0.490 [0.510 | 
| C | 5.97 | 7.62 | 0.235 | 0:300 
t 


| 0.220 | 

| §.33 | 0.200 | 0.210 | 

PHT 18.29 [18-54] 0.720 | Puree 730 
bio 0.18 | 0.004 f 9.006 


CASE 316-01 


MRF316 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbol Min [typ [Max [Une 


‘OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Vee = O) 

Collector-Base Breakdown Voltage 
(Ic = 50 mAdc, !_ = 0) 


ON CHARACTERISTICS _ 7 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


DC Current Gain 
|  (I¢ =4.0 Adc, Voge = 5.0 Vde) | | l 


| (Veg = 28 Vde, te = 0, f = 1.0 MHz) 
NARROW BAND FUNCTIONAL TESTS (Figure 1) 


| Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vde, Pout = 80 W, f = 150 MHz) 
Collector Efficiency 
(Vcc = 28 Vdc, Pout = 80 W, f = 150 MHz) 
Load Mismatch 
(Voc = 28 Vdc, Pout = 80 W CW, f = 150 MHz, 
VSWR 30:1 all phase angles) 


No Degradation in Power Output 


FIGURE 1 — 150 MHz TEST AMPLIFIER 


R2 
fnce Q +28 Vdc 


‘eae 


) RECS 


ci Lt 


cs C6 


i; | C3 c4 RFC1 


C1 — 22 pF 100 mil ATC 

C2, C3 — 24 pF 100 mil ATC 

C4,C11 — 0.8-—20 pF JMC #5501 Johanson [} RFC2 
C5 ~ 200 pF 100 mil ATC 
C6 — 240 pF 100 mil ATC 
C7 — Dipped Mica 1000 pF 
C8 — 0.1 uF Erie Red Cap 

c9, C10, C12 —.30 pF 100 mil ATC = 
C13 — 1.0 uF Tantalum 


i C7 $Ri 
| |RECS 


L2 Cct2 


RFC4 
cg c10 C11 


if 
[ 
u 


Li — 0.8’ #20 Wire 
L2 — 1.0’. #20 Wire 


RFC1, RFC4 — 0.15 uH Molded Coil 

RFC2, RFC3 — Ferroxcube Bead 56-590-65-3B 
RFCS5 ~ 2.5", #20 Wire, 1.5 Turns 

RFC6 — Ferroxcube VK200 ~ 19/48 


R1—102,1/2W- 
R2,RA3—102,1W 


(@) MOTOROLA Semiconductor Products inc. 
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MRF316 


Pout. OUTPUT POWER (WATTS) 


Gpe, COMMON-EMITTER POWER GAIN (dB) 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 3 — POWER GAIN versus FREQUENCY 
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FIGURE 4 —- OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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MOTOROLA 


Semiconductors MRF 317 


BOX 20912. PHOENIX, ARIZONA 85036 


| The RF Line 


NPN SILICON RF POWER TRANSISTOR 


100 W —30-200 MHz 


- CONTROLLED OQ 
BROADBAND RF POWER 
TRANSISTOR 


. . . designed primarily for wideband large signal. output amplifier 


stages in 30—200 MHz frequency range. NPN SILICON 


® Guaranteed Performance at 150 MHz and 28 Vdc 
Output Power = 100 W 
Minimum Gain = 9 dB 
Built-In Matching Network for Broadband Operation 


100% Tested for Load Mismatch at All Phase Angles with 
30:1 VSWR 


Gold Metallization System for High Reliability 


High Output Saturation Power — Ideally Suited for 30 W Carrier/ 
120 W Peak AM Amplifier Service 


Guaranteed Performance in Broadband Test Fixture 


MAXIMUM RATINGS 
Rating 


Coltector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
— Peak (10 seconds ) 


Total Device Dissipation @ Tc = 25°C (1) PIN 1. EMITTER 
Derate Above 25°C 2. COLLECTOR 


Storage Temperature Range : , 7 a 


THERMAL CHARACTERISTICS FLANGE-ISOLATED 


Th i ; i 
ermal Resistance, Junction to Case MILLIMETERS INCHES 


STYLE 1: 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF Amplifiers. 


Bi 


CASE 316-01 


MRF317 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage 
(i¢ = 100 mAdc, Vg¢E = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 100 mAdc, I = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcp = 30 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain 


(I¢ = 5.0 Adc, Voge = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (FIGURE 2) © 
Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 100 W, f = 150 MHz , Ic (Max) 


Collector Efficiency 
(Vcc = 28 Vde, Pout = 150 MHz , Ic (Max) 
Load Mismatch No Degradation in Output Power 


(Voc = 28 Vdc, Poyz = 100 W CW, f = 150 MHz, VSWR = 30:1 
all phase angles) 


FIGURE 1 — BROADBAND (110-160 MHz) TEST FIXTURE 


MRF317 


Gpe, POWER GAIN (dB) 


EFFICIENCY, r (%) 


FIGURE 2 — 110-160 MHz BROADBAND AMPLIFIER — TEST FIXTURE 


= RFC3 


~ RIS CS 


m RFC2 


RFC1 


C1 L2 
RF Input 


L1 


ila ie 
C1,C9 —39 pF, 100 mil ATC 

C2 —~ 120 pF, 100 mil ATC 

C3, C4 — 360 pF, 100 mil ATC 
C5 — 1000 pF Dipped Mica 

C6, C7 — 100 pF, 100 mil ATC* 
C8 — 18 pF, 100 mil ATC* 
C1Q—43 pF, 100 mil ATC 

C11 — 60 pF, Underwood 

C12 — 0.1 uF Erie Redcap 

C13 — 1000 pF, Underwood J102 


FIGURE 3 — POWER GAIN versus FREQUENCY 
BROADBAND TEST FIXTURE 


f, FREQUENCY (MHz) 


FIGURE 5 — EFFICIENCY versus FREQUENCY 
BROADBAND TEST FIXTURE 


Pout = 100 W 
Voc =28V 


f, FREQUENCY (MHz) 
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O DC +28 Vde 


O 
La C10 


{+x RF Output 


cg 


L1 —5QnH 
L2 —6.0 nH \ 
L3 — 8.0nH 
L4 — 32 nH 


RFC1 — 0.15 WH Molded Coil 

RFC2, RFC3 — Ferroxcube Bead 56-590-65/3B8 
RFC4— 1 Turn, #18 Wire, 2.07 L 

RFCS — Ferroxcube VK200 19/4B 

RFC6 — 7 Turns, #18 Wire, 0.3’’ ID 

R1— 10 21/2 W 

R2, R3 —- 10 £2 1 W 

* Combination of C6, C7, C8 equals 220 pF 


FIGURE 4 — SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 
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FIGURE 6 — INPUT VSWR versus FREQUENCY 
BROADBAND TEST FIXTURE 
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MRF317 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 — OUTPUT POWER versus INPUT POWER 
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FIGURE 9 — POWER OUTPUT versus SUPPLY VOLTAGE 
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FIGURE 8 — POWER GAIN versus FREQUENCY 
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FIGURE 10 — POWER OUTPUT versus SUPPLY VOLTAGE 
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MOTOROLA | ~ MRF229 


BOX 20912 6 PHOENIX. ARIZONA 85036 


| The RF Line | 


NPN SILICON RF POWER TRANSISTORS 


Semiconductors - 
xe  MRF230 


1.5 W —90 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


. .. designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 


40 to 100 MHz range. 
MRF 229 


CASE 79-03 


\ 


® Specified 12.5 Volt, 90 MHz Characteristics — 

Output Power = 1.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 

100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 

Characterized with Series Equivalent Large-Signal !mpedance 
Parameters 

Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


STYLE 5: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


MRF229 — Emitter Connected to Case 
| MRF230 — Collector Connected to Case 


> 


eee 
| dj 00): 


0.190 
0.028 | 0.034 
0.029 | 0.040 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO ae ee CASE 79-02 
-3 
Collector-Base Voltage VcBO 72 i 


aa STYLE : 
| ie 


Total Device Dissipation @ Tc = 25°C (1). : 5.0 mei _ 
Derate above 25°C 28.6 3 COLLECTOR a = 6 
if 51 i 


Storage Temperature Range -65 to +200 aie 


R@JC 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 
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MRF229 ® MRF230 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
Characteristic Symbol 


OFF CHARACTERISTICS 
far ere al ale Ra 
(IC = 25 mAdc, |g = 0) 
igewmcvgera nf TT 
(Ic = 25 mAdc, Vge = 0) 
Emitter-Base Breakdown Voltage . ia ae ee ee Vdc 
(te = 0.25 mAdc, Ic = QO) 
Collector Cutoff Current 
(Veg = 15 Vde, Ie = O) 


ON CHARACTERISTICS 


DC Current Gain HEE 5.0 
(te = 250 mAdc, VcgE = 5.0 Vde} 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 12.5 Vdc, I¢ = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Poyt = 1.5 W, f = 90 MHz) 


Collector Efficiency if] 55 % 
(Vcc = 12.5 Vdc, Poyt = 1.5 W, f = 90 MHz) 


Load Mismatch VSWR > 30:1 Through All Phase 
(Voc = 12.5 Vde, Poyt = 1.5 W, Angles in 3 Second Interval 

f = 90 MHz, Tc <25°C) After Which Devices Will Meet 

Gpge Test Limits 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vde 


Output 


C1 5.0-80 pF, ARCO 462 cg 20 uF, 15 Vde TANTALUM 

C2,CG6 25-280 pF, ARCO 464 L1 2 Turns, #18 AWG, 3/8" 1.0. 3/8"' Long 
C3 250 pF UNELCO L2 2.5 Turns, #20 AWG, on Ferrite Bead. 

C4 10 pF UNELCO FERROXCUBE 56-590-65-3B 

C5 9.0-180 pF, ARCO 463 L3 3 Turns, #18 AWG, 3/8" 1.D., 1/2” Long 
Cc? 1000 pF UNELCO L4 0.68 wH, 9230-16 MILLER Molded Choke 
c8 0.47 uF ERIE Disc Ceramic L5 Ferrite Bead, FERROXCUBE 56-590-65-3B 


Ri 4.7 OHM, 1/2 W, 10% Carbon 
Input/Output Connectors — Type BNC 


(AA) MOTOROLA Semiconductor Products Inc. 
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MRF229 © MRF230 


FIGURE 2 — OUTPUT POWER versus INPUT POWER. 
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FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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_ FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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SERIES EQUIVALENT OUTPUT IMPEDANCE 
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FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


MRF 231 


The RF Line | 


3.5 W — 90 MHz 


RF POWER 
- TRANSISTOR 
NPN SILICON RF POWER TRANSISTORS | NPN SILICON 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 3.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 
100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 
Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 
Rating 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


as eee | INCHES | 
| MIN [MAX [| MIN | MAX | 
TA | 940] 9.78 | 0.370 | 0.385 | 

| 0.320 | 0.330 | 


ee 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


(2) For repeated assembly use 5 In-Lb. 


145A-09 


MRF231 


ELECTRICAL CHARACTERISTICS alts 25°C unless otherwise noted.) 


ere" aOR GST (PAO TT 


OFF CHARACTERISTICS 
Mecmmmcteson Pet 
(Ic = = 25 mAdc, IB = = 0) 
Ligcmengsa | ST TP 
(Iq = 25 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 0.25 mAdc, Ic = 0) 


Collector Cutoff Current 
(Veg = 15 Vde, Ie = 0) 
ON CHARACTERISTICS 

DC Current Gain . 
(I¢ = 250 mAdc, VcE = 5.0 Vdc} 
DYNAMIC CHARACTERISTICS 
| Output Capacitance 
(Veg = 12.5 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Poyt = 3.5 W, f = 90 MHz) 
Collector Efficiency 
(Veg = 12.8 Vde, Pout = 3.5 W, f= 90 MHz) 


Load Mismatch | VSWR > 30:1 Through All Phase 
(Vcc = 12.5 Vde, Pout = 3.5 W, , Angles in 3 Second Interval 
f = 90 MHz, Tes 25°C) After Which Devices Will Meet 
Gpg Test Limits 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


Output 


9.0-180 pF, ARCO 463 of? es 1.5 wH, 9230-24 MILLER Molded Choke 
25-280 pF, ARCO 464 L4 3 Turns, #18 AWG, 3/8’ 1.D., 1/2" Long 
-7000 pF, UNELCO © L5 10 Turns, Wound on R2 © 

0.047 WF, ERIE Disc Ceramic 

10 uF, 15 Vde TANTALUM R1 15 Ohm, 1/2 W, 10% Carbon. 

2 Turns; #18 AWG, 3/81.D., 1/2” Long R2 220 Ohm, 1 W, Carbon 

22 WH, 9230-52 MILLER Molded Choke Input/Output Connectors — Type BNC 


(A) MOTOROLA Sermiconductor Products inc. 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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MOTOROLA 


Semiconductors || —MRF232 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| | The RF Line | 


7.5 W — 90 MHz 
RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 


cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


@ Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 7.5 Watts . 
Minimum Gain = 9.0 dB 
Efficiency = 55% 
100% Tested for Load Mismatch at all Phase Angles with 30:1 
VSWR 


® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


..® Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Tc = 25°C (1) 7 STYLE 1: 
Derate above 25°C PIN 1. EMITTER 


. 2. BASE 
Storage Temperature Range 3. EMITTER 


4. COLLECTOR 
Stud Torque (2) 


al MILLIMETERS| INCHES | 
| MIN [MAX [| MIN | MAX_| 
Ta | 9.40 | 9.78 | 0.370 | 0.385 | 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


(2) For repeated assembly use 5 [n. Lb. 


145A-09 


MRF232 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) ae 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BVcEO 18 Vdc 
(1c = 50 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage BVcES 36 Vde 
(Ic = 50 mAdc, Vg_E = 9) 

Emitter-Base Breakdown Voltage BVEBO Vde 
(Ig = 2.5 mAdc, Ic = 0) 

Collector Cutoff Current _ IcBo mAdc 
(Vog = 15 Vdc, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain HEE 
(ic = 500 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 7.5 W, f = 90 MHz} 


Collector Efficiency : 
(Vcc = 12.5 Vde, Poyt = 7.5 W, f = 90 MHz) 


Load Mismatch VSWR > 30:1 Through Al! Phase 
(Voc = 12.5 Vde, Poyt = 7.5W, Angle in a 3 Second Interval 
f = 90 MHz, Tc <25°C) After Which Devices Will Meet 
Gpg Test Limits. 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


+ 


12.5 Vdc 


RF 
Output 


5.0-80 pF, ARCO 462 1 3 Turns, #18 AWG, 3/8” 1.D., 3/8” Long 
9.0-180 pF, ARCO 463 L2 FERROXCUBE VK200-20-4B Ferrite Choke 
100 pF UNELCO L3 3 Turns, #18 AWG, 5/16" 1.D., 3/8” Long 
1000 pF UNELCO L4 10 Turns, #22 AWG, onR1 


4.7 uF, 15 Vdc, TANTALUM R1 340 Ohm, 1 W Carbon 


Input/Output Connectors — Type BNC 


(S) MOTOROLA Semiconductor Products Inc. 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE | FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


f = 90 MHz , LAE 
Zag Occ BO MH? 
rh ete an aes 

ae 


oot 
wat 
ne 


peecenae 
~ eee ~The | ot 
NAaNOGWE? 32NVLININOD YO (Y) snanoenos 2 ONv sau 


1.65-)4.25 | 11.9-5.0 
2.0-(3.90 | 11.0-j5.2 . 
2.43.55 | 9.85.65 — 
3.03.0 | 7.0-6.8 


Pout, QUTPUT POWER (WATTS) 


8.0 9.0 10 11 12 13 14 16 16 
Vcc, SUPPLY VOLTAGE (VOLTS) 


(MA) MOTOROLA Semiconductor Products inc. 
8-13 
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FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 
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FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 
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MOTOROLA 


Semiconductors || MRF233 


BOX 20912 2 PHOENIX, ARIZONA 85036 


The RF Line | 


15 W — 90 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS NPN SILICON 


...designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 15 Watts 
Minimum Gain = 10 dB 
Efficiency = 55% 
100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters | 


SEATING PLANE 
WRENCH FLAT 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Collector Current — Continuous ly eee 


Total Device Dissipation @ Tc = 25°C (1) ; Sais 
Derate Above 25°C 


(1) These devices are designed for RF operation. The tota! device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 
(2) For Repeated Assembly use 5 In. Lb. 


145A-09 


MRF233 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted). 


symbot_|_win | yp | Max uni] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ee ea te ed 

(i¢ = 100 mAdc, Ig = 0) 

Petter | mT 
(Ic = 50 mAdc, Vege = 0) 

Miewsomocicon me 
ne 5.0 mAdc, Ic = 0) 

(Vcopg = 15 Vdc, tg = 0) 

ON CHARACTERISTICS , 


DC Current Gain hee 
(ic = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vdc, Pout = 15 W, f = 90 MHz) 
Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 15 W, f = 90 MHz) 


Load Mismatch VSWR > 30:1 Through All Phase 
(Voc = 12.5 Vde, Pour = 15 W, Angles in a 3 Second Interval 
f = 90 MHz, Tc < 25°C) After Which Devices Will Meet 
Gpe Test Limits 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 


C1,C3 9.0-180 pF, ARCO 463 2.2 #H, 9230-200 MILLER Molded Choke 
C2,C4 25-280 pF ARCO 464 L4 2 Turns, 418 AWG, 3/8" 1.D., 3/8" Long 
cs 1000 pF UNELCO LS 10 Turns, #16 AWG, Wound On R2. 

Cé 0.01 wF ERIE Disc Ceramic 

C7 1.0 uF,35 Vde TANTALUM R1 15 Ohm, 1/2 W, 10% Carbon 

1 2 Turns, #18 AWG, 3/8" 1.D., 1/4’ Long R2 68 Ohm, 1 Watt, 10% Carbon 

L2 0.22 WH, 9230-04 MILLER Molded Choke Input/Output Connectors — Type BNC 


(AA) MOTOROLA Semiconductor Products Inc. ee) 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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MOTOROLA 


Semiconductors | | MRF 234 


BOX 20912 6 PHOENIX, ARIZONA 85036 


—_ | ‘The RF Line | 


25 W — 90 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS | NPN SILICON 


... designed for 12.5 Volt, mid-band large-signal amplifier appli- 
cations in industrial and commercial FM equipment operating in the 
40 to 100 MHz range. 


Specified 12.5 Volt, 90 MHz Characteristics — 
Output Power = 25 Watts 
Minimum Gain = 9.5 dB 
Efficiency = 55% 
® 100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR. 


® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


© Characterized with Parallel Equivalent Large-Signal Impedance 
Parameters 
Cc 


SEATING PLANE 
WRENCH FLAT 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Coltlector-Base Voltage 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 
NOTE: 


1. 145A-10, USE 10-32NF-2A STUD. 


MILLIMETERS| INCHES 


Storage Temperature Range, 


Stud Torque (2) . | ae 


dg 
Hl >< 


nd 
Ro 
Ba 
ar 
— 
jon] 
is=] 
Se 


NOM 
ae ee 
| 9.73 | 10.06 | 
| 3.84 | 4.50 | 


meh 
co 
an 
ioe] 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


| (2) For repeated assembly use 5 In. Lb. 


ac 
oi 
Q 


—_ 
RO ROO jen 
—_. || OO| & 
_ O1/0O/W 13 
Las 
on 
=> 


2.49 | 3.35 


MRF234 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characters Symbot_ [Min [Tye [Mex [Unie 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BVCEO 18 
(tc = 200 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage BVcES 
(I¢ = 200 mAdc, Vee = O) 
Emitter-Base Breakdown Voltage BVEBO 
(Ile = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO 1.0 mAdc 
(Vcp = 15 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 5.0 _ | 
(I¢ = 1.0 Adc, Vee = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcpg = 12.5 Vde, ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1} 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poy = 25 W, f = 90 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Poy, = 25 W, f = 90 MHz) 


Load Mismatch VSWR > 30:1 Through All Phase 
(Vee = 12.5 Vde, Poy, = 25 W, Angles in a 3 Second Interval 

f = 90 MHz, Tc <25°C After Which Devices Will Meet 
Gpe Test Limits. 


FIGURE 1 — 90 MHz TEST CIRCUIT SCHEMATIC 
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Cc? 12.5 Vde 
c4 
RF 
Output 
RE 
Input >— 
| 
C1,C4 5.0-80 pF, ARCO 462 
a as a oe ae L3 22 wH, 9230-52 MILLER Molded Choke 
ee 1000 is aNEReS L4 2 Turns, #14 AWG, 3/8" 1.D., 1/4'' Long 
p : 
LS 10 Turns, #18 AWG, 1/4” |.D. R 

C6 0.047 uF, ERIE disc ceramic ore 
Cc? iO uF, 15 Vde TANTALUM Ba TS Ohms, 12 Wi, 10% 
L1 1 Turn, #16 AWG, 3/8 1.D., 1/8” Long R2 47 Ohm, 1 W Carbon 
L2 0.22 nH, 9230-04 MILLER Molded Choke Input/Output Connector — Type BNC 
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Pout, OUTPUT POWER (WATTS) 


Pout. OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 ~— SERIES EQUIVALENT IMPEDANCE 
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MRF234 


FIGURE 6 — PARALLEL EQUIVALENT INPUT RESISTANCE 
versus FREQUENCY 


Rin, PARALLEL EQUIVALENT 
INPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 


FIGURE 8 — PARALLEL EQUIVALENT OUTPUT RESISTANCE 
versus FREQUENCY 


Rout, PARALLEL EQUIVALENT 
OUTPUT RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 


FIGURE 7 — PARALLEL EQUIVALENT INPUT CAPACITANCE 
versus FREQUENCY 


2000 


Cin, PARALLEL EQUIVALENT 
INPUT CAPACITANCE (pF} 


f, FREQUENCY (MHz) 


FIGURE 9 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 
versus FREQUENCY 
1000 


Cout. PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) 
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130-175 MHz, 12.5 Vde CHAPTER 9 


MOTOROLA 


Semiconductors 2N4427 


BOX 20912 ¢ PHOENIX, ARIZONA 85036 


The RF Line | 


1 W — 175 MHz 
HIGH FREQUENCY 


NPN SILICON HIGH FREQUENCY TRANSISTOR TRANSISTOR 


. designed for amplifier, frequency multiplier, or oscillator NPN SILICON 


applications in military and industrial equipment. Suitable for use 
as output driver or pre-driver stages in VHF and UHF equipment. 


e@ Specified 175 MHz, 12 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 10 dB 
Efficiency = 50% 


MAXIMUM RATINGS 


*Collector-E mitter Voltage “cee of _ ,Vde 


*Collector-Base Voltage 


#09 
Watt 
mW/°C 


Total Device Dissipation @ Ta = 25°C 1.0 
Derate above 25°C 5.71 
“Total Device Dissipation @ Tc = 25°C. 3 5 Watts 
Derate above 25°C ~mWw/°C 
*Storage Temperature Range Tstg -65 to + 200 


"indicates JEDEC Registered Data 


SEATING 
PLANE 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


Pout, POWER OUTPUT (WATTS) 


All JEDEC dimensions and notes apply. 


f, FREQUENCY (MHz) Available in TO-46 Package as MRF6O4 


2N4427 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


*Collector-Emitter Sustaining Voltage 
(Ic = 5.0 mAdc, Reg = 10 ohms) 


“Collector Cutoff Current . ICEO mAdc 
(VcE = 12 Vde, Ig = 0) 0.02 


*Collector Cutoff Current | 
(VcE = 40 Vde, Vgg = -1.5 Vdc) | 
(Voge = 12 Vde, Veg = -1.5 Vde, To = + 150°C) 


*Emitter Cutoff Current 
(VER = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


*DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vde) 
(Ic = 360 mAdc, Vcg = 5.0 Vdc) 


- *Collector-Emitter Saturation Voltage 
(1c = 100 mAdc, Ip = 20 mAdc) 


DYNAMIC CHARACTERISTICS 


*Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 


*Output Capacitance 
~ (Vop = 12 Vde, I = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


*Power Input (Figure 1) mw 
(Pout = 1.0 W, Voc = 12 Vde, f = 175 MHz) 
Common-Emitter Amplifier Power Gain Gpe 
(Pin = 100 mW, Vcc = 12 Vdc, f = 175 MHz) 
*Collector Efficiency (Figure 1) n % 
(Pout = 1.0 W, Voc = 12 Vdc, f = 175 MHz) 50 


“Indicates JEDEC Registered Data . 


FIGURE 2 — 175 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


C1, C2,. 13: 2 turns No. 


RF Input C3, and C4: 3-30 pF 16 wire, 


RF Output C5: 1,000 pF V4" 1D, 
C6: 0.01 pF 1/4" long 


L4: 4 turns No. 
16 wire, 
3/16" 1D, a ee 
1/4” long ong 

L2: Ferrite choke, Q: 2N4427 
Z = 450 ohms 


L1: 2 turns No. 
16 wire, 
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MOTOROLA 
Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


2N5589 


‘The RF Line 


NPN SILICON 
RF POWER 


NPN SILICON RF POWER TRANSISTOR TRANSISTOR 


.. . designed for 13.6 volt, VHF large signal power amplifier applica- 
tions required in military and industrial equipment operating to 
240 MHz. 


® Low lead inductance stripline package for easier design and increased 


broadband capability. 


® Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5589 is designed to withstand an Open or Shorted Load 
at rated Output Power. 


@ Specified 13.6 Volt, 175 MHz Characteristics — 
Output Power = 3.0 Watts 
Minimum Gain = 8.2 dB 
Efficiency = 50% 


*MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 40 | 


Total Device Dissipation @ Ta = 25°C 15 
Derate above 25°C | 86 . 
Operating and Storage Junction Ty.T stg -65 to +200 

Temperature Range 


SEATING PLANE 
WRENCH FLAT 


i 


= = 
STYLE 1: 8 


PINT. EMITTER = 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MILLIME 


"indicates JEDEC Registered Data. 


of 


ERS 


©/% 
= 
z 


~i|g0 
Slalp 
IP {ColS 
Slo 
mleales|B 
oud | N3) ed | 
Sree 


aloclaia 
Pl@lrlo 
w@ldl— iss 
Sala 
S Sd bad bed BS 
2 o 
a 
= on 


booed baehe Panel toed Bs 
|p| 
Biel 

~~ z 
Sia, (SS 1s3ieo/co 
leo! loleles| l= 
coins} iol léoles [2 


45° NOM 450 NOM 
1.27 | 1.52 | 


| 0.050 | 0.060_| 
|__| 0.050 | 
| 0.299 | 0.307 | 
| 0.158 | 0.178 | 
| 0.098 | 0.132 | 
| 10° | 20° | 


. = 

on 

LF =) 
aed Fed and Pa 
ion 16S |r 
&iPofai~ 


10° 


2N5589 


*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter, Breakdown Voltage (Note 1) | BVCEO Vde 
(I¢ = 200 mAdc, |g = 0) 
Collector-Emitter Breakdown Voltage (Note 1) BVCES 36 Vde 
(Il¢ = 200 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage BVEBO 
(te = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(Vcp = 15 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


FUNCTIONAL TEST 


Power Input (Figure 1) 
(Pout = 3.0 W, Vcg = 13.6 Vdc, f = 175 MHz) 


Common-E mitter Amplifier Power Gain (Figure 1) 


(Pout = 3.0 W, Veg = 13.6 Vdc, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 3.0 W, Veg = 13.6 Vdc, f = 175 MHz) 


“Indicates JEDEC Registered Data. 
Note 1: Pulsed through 25 mH inductor. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


—oVcc 
1000 pF 


T aurron 


All capacitance values in pF unless otherwise indicated 
L1 - 1-3/8" length of #14 AWG Wire 
L2 - 2 Turns #16 AWG Wire, 1/4" Dia. 1-1/2” Lang 
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2N5589 


POWER OUTPUT versus FREQUENCY 


FIGURE 2 : FIGURE 3 


S = 
—_ 
3 = 
rr cc 
3 5 
‘ a 
f, FREQUENCY (MHz) | f, FREQUENCY (MHz) 
FIGURE 4 — POWER OUTPUT versus POWER INPUT FIGURE 5 — DC SAFE OPERATING AREA 
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Pin, POWER INPUT (WATTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Pout, POWER OUTPUT (WATTS) 
Ic, COLLECTOR CURRENT (AMPS) 


PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 
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2N5589 


PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 
FIGURE 8 FIGURE 9 


Vec = 12.5 Vde 


Cin, INPUT CAPACITANCE (pF) 
Cin, INPUT CAPACITANCE (pF) 


~500 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 
FIGURE 10 FIGURE 11 


Cout, OUTPUT CAPACITANCE (pF) 
Cout, OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


SERIES INPUT IMPEDANCE versus FREQUENCY 
FIGURE 12 FIGURE 13 


wt. 
i) 
o 


SERIES INPUT RESISTANCE (QHMS) 
SERIES INPUT REACTANCE (OHMS) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


. designed for 13.6 volt, VHF large signal power amplifier applica- 
tions required in military and industrial equipment operating to 
240 MHz. 


® Low lead inductance stripline package for easier design and increased 
broadband capability. 


®@ Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5590 is designed to withstand an Open or Shorted Load 
at rated Output Power. 


® Specified 13.6 Volt, 175 MHz Characteristics — 
Output Power = 10 Watts 
Minimum Gain = 5.2 dB 
Efficiency = 50% 


ee RATINGS 


Collector- _————fatng Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 259°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


“Indicates JEDEC Registered Data. 


2N5590 


NPN SILICON. 
RF-POWER 
TRANSISTOR 


SEATING PLANE 
WRENCH FLA 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


So 


Be 


0.098 | 0.13 


145A-09 


2N5590 


*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


*Collector-Emitter Sustaining Voltage (Note 1) BVCEO (sus) Vdc 
(Ic = 200 mAde, Ig = 0) 
“Collector-Emitter Sustaining Voltage (Note 1) BVCES(sus) 36 Vde 
(ig = 200 mAde, Reg = 0) 
*Emitter-Base Breakdown Voltage BVEBO. — Vde 
_ (Ie = 2.5 mAde, Ic = 0) 
Collector Cutoff Current ICBO 
(Vcp = 15 Vdc, IE = 0) 
ON CHARACTERISTICS | 


*DC Current Gain | hFE 
(I¢ = 250 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


*Output Capacitance Cob 35 70 pF 
(Vg = 15 Ve, IE = 0, f = 0.1 to 1.0 MHz) | 


FUNCTIONAL TEST 


*Power Input (Figure 1) 
(Pout = 10 W, Vc = 13.6 Vde, f = 175 MHz) 


*Common-Emitter Amplifier Power Gain (Figure 1 
(Pout = 10 W, Veg = 13.6 Vdc, f = 175 MHz} 


Collector Efficiency (Figure 1) 
(Pout = 10 W, VceE = 13.6 Vdc, f = 175 MHz) 


“Indicates JEDEC Registered Data. 
Note 1: Pulsed through 25 mH inductor. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


oVEC 


TL DLeurton 


All capacitance values in pF unless otherwise indicated 
L1 — 1-3/8" length of #14 AWG Wire 
L2 — 1 Turn #14 AWG Wire, 3/8" Dia. 1-1/2” Long 
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2N5590 


Pout, POWER OUTPUT (WATTS) Pout, POWER OUTPUT (WATTS) 


Rin, INPUT RESISTANCE (QHMS) 


100 


POWER OUTPUT versus FREQUENCY 
FIGURE 2 FIGUGE:? 


Vcc = 13.6 Vde 


ING: 


Pout. POWER OUTPUT (WATTS 


100 150 200 250 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 4 — POWER OUTPUT versus 
POWER INPUT 


FIGURE 5 — DC SAFE OPERATING AREA 
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PARALLEL EQUIVALENT INPUT RESISTANCE versus FREQUENCY 
FIGURE 6 FIGURE 7 


Vec = 12.5 Vde 


Rin, INPUT RESISTANCE (OHMS) 


150 200 250 300 100 150 200 250 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
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PARALLEL EQUIVALENT INPUT CAPACITANCE versus FREQUENCY 


FIGURE 8 FIGURE 9 
2000 — 2s 2000 newer 
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PARALLEL EQUIVALENT OUTPUT CAPACITANCE versus FREQUENCY 


FIGURE 10 FIGURE 11 


t Vcc = 13.6 Vde 
Pout = 10 W 
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SERIES INPUT IMPEDANCE versus FREQUENCY 
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Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

Operating and Storage Junction Ty T stg -65 to +200 bd 
Temperature Range 


MOTOROLA 


Semiconductors 


BOX 20912 e PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR . 


... designed for 13.6 volt, VHF large signal power amplifier applica- 
tions required in military and industrial equipment operating to 


240 MHz. 


@ Low lead inductance stripline package for easier design and increased 
broadband capability. 


® Balanced Emitter Construction for increased Safe Operating Area. 
The 2N5591 is designed to withstand an Open or Shorted Load 
at rated Output Power. 


® Specified 13.6 Volt. 175 MHz Characteristics — 
Output Power = 25 Watts 
Minimum Gain = 4.4 dB 
Efficiency = 50% 


Collector Current — Continuous 


*indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


oVEC 
0.1 uF 1000 
“TT Leurton 


Ry = 502 


Pout, POWER OUTPUT (WATTS) 


ALL CAPACITORS IN pF UNLESS OTHERWISE INDICATED 


2N5591 


NPN SILICON 
RF POWER 
TRANSISTOR 


STYLE 1. 
PIN 1. EMITTER 
2, BASE 
3. EMITTER 


4 COLLECTOR R 


MILLIMETERS| INCHES _| 
[MAX | MIN | 


L1 - #14 AWG STRAIGHT WIRE, 1-3/8" LONG 
L2 — 1 TURN #14 AWG WIRE, 3/8” DIA. 1-1/2” LONG 


Q.12 


‘f, FREQUENCY (MHz) 


2N5591 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a 

OFF CHARACTERISTICS 

*Collector-Emitter Sustaining Voltage (Note 1) BVCEO (sus) Vde 
(Ic = 200 mAdc, Ig = 0) 

reese 36 Vde 

(I¢ = 200 mAdc,Vge = 0) 

* Emitter-Base Breakdown Voltage BVERO 
(Ig = 5.0 mAdc, Ic = 0) 

“ON CHARACTERISTICS 

DC Current Gain 

(ic = 0.5 Adc, Veg = 5.0 Vdc) 


*Collector-Emitter Sustaining Voltage (Note 1) 
Collector Cutoff Current IcBo 
(Vcp = 15 Vde, Ig = 0) 


* DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vog = 15 Vdc, le = 0, f = 0.1 to 1.0 MHz) 


* FUNCTIONAL TEST 


Power Input (Figure 1) Watts 
(Pout = 25 W, VCE = 13.6 Vde, f = 175 MHz) 


Common mitter Amplifier Power Gain (Figure 1) 
(Pout = 25 W, Vcg = 13.6 Vde, f = 175 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 25 W, Vog = 13.6 Vde, f = 175 MHz) 


“indicates JEDEC Registered Data.. 
Note 1: Pulsed through 25 mH inductor. 


FIGURE 3 — PARALLEL EQUIVALENT INPUT FIGURE 4 — PARALLEL EQUIVALENT INPUT 
CAPACITANCE versus FREQUENCY RESISTANCE versus FREQUENCY 


Vcc = 13.6 Vdc 


Cin, INPUT CAPACITANCE (pF) 
Rin, INPUT RESISTANCE (OHMS) ° 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 5 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY FIGURE 6 — POWER OUTPUT versus POWER INPUT 
300 30 


Pout. POWER OUTPUT (WATTS) 


100 150 200 250 * 300 


f, FREQUENCY (MHz) Pin, POWER INPUT (WATTS) 
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Cour, QUTPUT CAPACITANCE (pF) 


MOTOROLA 
Semiconductors 2N6080 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


4.0 W — 175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in military and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 4.0 W 
Minimum Gain = 12 dB 
Efficiency = 50% 
® Characterized with Series Equivalent Large-Signal {mpedance 
Parameters 


*MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (2) 
Derate above 25°C 


Storage Temperatur: Range 
Stud Torque (1) 


*tndicates JEDEC Registered Data. STYLE 1: 


eaate PIN 1. EMITTER 
(1) For repeated assembly use 5 in Ib. 2. BASE 


(2) These devices are designed for RF operation. The total device dissipation rating applies 3. EMITTER 
only when the devices are Cperated as RF amplifiers. 4. COLLECTOR 
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2N6080 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BVCEO Vde 
(Ig = 10 mAde, Ig = 0) 

Collector-Emitter Breakdown Voltage BVcES 36 Vdc 
(Ic = 5.0 mAdc, Vee = 0) 

Emitter-Base Breakdown Voltage BVEBO Vde 
(IE = 1.0 mAdc, I¢ = 0) 

Collector Cutoff Current ICES 5.0 mAdc 
(Voge = 15 Vdc, Vege = 0, Tc = +55°C) 

Collector Cutoff Current IcBO 0.25 mAdc 
(Vcp = 15 Vdc, Ie = 0) 

ON CHARACTERISTICS 


DC Current Gain hee 5.0 
(ic = 0.25 Adc, VcgE = 5.0 Vdc) | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vog = 15 Vdc, le = O, f = 0.1 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Vcc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 4.0 W, Vcc = 12.5 Vde, f - 175 MHz) 


*Indicates JEDEC Registered Data. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


C1,C6 5.0-80 pF, ARCO 462 or equivalent 
C2,C5 9.0-180 pF, ARCO 463 
C3) «7.0 pF 
L1 25nH, 1 Turn #18 AWG, 1/4” Length, 1/4” 1.0. 
L2 Ferrite Choke VK-200 20/4B Ferroxcube 
L3 150 nH, 8 Turns #18 AWG, 3/4” Length, 3/16" 1.0. 
L430 nH, 1-1/2 Turns, 418 AWG, 1/4” Length, 1/4" 1.D. 7 
330 Ohms 


+ 
+ 


2400 pF 0.02 uF 25 pF 12.5 Vde 
Rl < 


C6 = 


RF OUTPUT 


RF INPUT 


MOTOROLA Semiconductor Products Inc. 
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2N6080 


Pout. OUTPUT POWER (WATTS) 


Pour, OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 3— OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTORS 


.. . designed for 12.5 Volt VHF large-signal power amplifier applica- 
tions required in commercial and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 15W 
Minimum Gain = 6.3 dB 
Efficiency = 60% 


@ Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


* MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 

Derate above 25°C 
Storage Temperature Range ~§65 to +200 
Sd Toran es Ce 


*Indicates JEDEC Registered Data for 2N6081. 

(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 

(2) For repeated assembly use 5 in. Ib. 
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2N6081 
MRF221 


15 W — 175 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


2N6081 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


145A-09 


MRF221 


STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4.COLLECTOR 


MILLIMETERS 
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2N6081 @ MRF221 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[haere «debt | in| [Mee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1¢ = 10 mAdc, Vgg = 0) 


Collector Cutoff Current 
(VcE = 15 Vdc, Vege = 0, Tc = +55°C) 


Collector Cutoff Current 
(VcB = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 5.0 
(1c = 0.5 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 15 Vde, Ig = 0, f = 0.1 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 15 W, Voc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 
(Pout = 15 W, Voc = 12.5 Vde, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6081. 


FIGURE 1 — 175 MHz TEST CIRCUIT 
+ 


i 0.1 1000 = 12.5 Vdc 


clea 8 uF a pF 


cD) RF 


OUTPUT 


SHIELD 


INPUT 


€1,2,3,4 .5.0-80 pF ARCO 462 = L2 1 Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1” 


L1 Straight Wire, #14 AWG, RFC .VK200-20/48, FERROXCUBE. 
1-3/8" Long 


(AA) MOTOROLA Semiconductor Products Inc. ee ee 
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2N6081 © MRF221 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RE Line | 


NPN SILICON RF POWER TRANSISTORS 


.. . designed for 12.5 Volt VHF large-signal amplifier applications 
required in commercial and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 25 W 
Minimum Gain = 6.2 dB 
Efficiency = 65% 


*MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current ~ Continuous [tc | 40 ~~+«| Ade 


Total Device Dissipation @ Tc = 75°C(2) . 65 
Derate above 259°C (0.52 
Storage Temperature Range -65 to +200 


*Indicates JEDEC Registered Data for 2N6082. 
(1)For Repeated Assembly Use 5 in, Ib. 
(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


9-21 


2N6082 
MRF222 


25 W — 175 MHz 
RF POWER 
TRANSISTORS 


NPN SILICON 


2N6082 


STYLE }: 
PIN 3. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


0.299 
[4.01 | 


1454-09 


MRF222 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


CASE, 211-07 


2N6082 @ MRF222 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


Symbol Min [Te [Mex | _Une] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, tg = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 15 mAdc, Vee = 0) 


Collector Cutoff Current 
(Vege = 15 Vde, Vge = 0, Tc = +55°C 


Collector Cutoff Current 
(Veg = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = 1.0 Adc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vdc, Ie = 0, f = 0.1 MHz) 


“FUNCTIONAL TEST 


Common-E mitter Amplifier Power Gain 
(Pout = 25 W, Vcc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 
(Pout = 25 W, Voc = 12.5 Vdc, f = 175 MHz) 


*Indicates JEDEC Registered Data for 2N6082. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


100 nF AS 0.1 uF 
| | 1000 of 
J SHIELO 


LI 


C1,2,3,4 50-80 pF ARCO 462 L2  1Turn, #14 AWG, 3/8 10, Length Plus Leads = 1” 
L1 Straight Wire, #14 AWG, 1-3/8" Long RFC VK200-20/48, FERROXCUBE. 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N6082 e MRF222 


Pout, OUTPUT POWER (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


8.0 9.0 10 11 12 13 4 615 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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(AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 2N6083 
Semiconductors MRF223 


BOX 20912. PHOENIX, ARIZONA 85036 


i The RF Line 


30 W — 175 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


NPN SILICON RF POWER TRANSISTORS 


. . . designed for 12.5 Volt VHF large-signal amplifier applications 
required in commercial and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 30 W 
Minimum Gain = 5.7 dB 
Efficiency = 65% 


STYLE t: 
PIN 1. EMITTER 
ASE 


3. EMITTER 
4. COLLECTOR 


*MAXIMUM RATINGS 
MRF223 


Total Device Dissipation @ Tc = 75°C (2) 
Derate above 25°C 


“Indicates JEDEC Registered Data for 2N6083. 
(1)For Repeated Assembly Use 5 in. Ib, 
(2) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


STYLE}: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


CASE 211-07 
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2N6083 @® MRF223 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) : 


SO 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage 
(Wc = 100 mAdc, |g = 0) 

Coliector-E mitter Breakdown Voltage 
(I¢ = 15 mAdc, Vge = 0) 


Collector Cutoff Current 

(Vcge = 15 Vdc, Vee = 0, Tc = +55°C) 
Collector Cutoff Current 

(Vcg = 15 Vdc, te = 0} 


ON CHARACTERISTICS 


DC Current Gain hee 5.0 
(Io = 1.0 Adc, Vcg = 5.0 Vde) ; 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vop = 15 Vdc, Ie = 0, f = 0.1 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(Pout = 30 W, Vcc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 30 W, Vcc = 12.5 Vdc, f =175 MHz) 


*Indicates JEDEC Registered Data for 2N6083. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


= C€1,2,3,4 5.080 pF ARCO 462 L2 1 Turn, #14 AWG, 3/8" 1D, Length Plus Leads = 1” 
Li Straight Wire, #14 AWG, 1-3/8" Long RFC VK200-20/48, FERROXCUBE. 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N6083 @ MRF223 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA ONG6084 


Semiconductors MRF224 


BOX 20912 4. PHOENIX, ARIZONA 85036 


The RF Line 


40 W — 175 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 
NPN SILICON RF POWER TRANSISTORS 


.. . designed for 12.5 Volt VHF large-signal amplifier applications 2N6084 
required in commercial and industrial equipment operating to 
300 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power = 40 W 
Minimum Gain = 4.5 dB 
Efficiency = 70% 


STYLE 1 
PIN 1 EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


145A-09 


*MAXIMUM RATINGS 
MRF224 


[eee 
[a0 [vee 
es 


Total Device Dissipation @ Tc = 75°C c 8 
Derate above 25°C i eas 
i 


a ee 


SEATING PLANE 


Storage Temperature Range -~65 toa +200 ae 


*iIndicates JEDEC Registered Data for 2N6084. STYLE 1: 
(1)For Repeated Assembly Use 5 in. Ib. [MAX [Min | me ela 
(2) These devices are designed for RF operation. The total device dissipation rating applie eet fae | 1.380 : ET eTOA 
onty when the devices are operated as RF amplifiers. : 


CASE 211-07 


2N6084 © MRF224 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


Pp eharactoristic | Symbot! [Min tye Max | nit 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage 
(I¢ = 100 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 

(lg = 10 mAdc, Ic = 0) 
Collector Cutoff Current 

(VcE = 15 Vde, Vge = 0, Tc = +55°C) 
Collector Cutoff Current 

(Vcp = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS . — ; ; 
DC Current Gain hFE 
(Ic = 1.0 Adc, Vg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vop = 15 Vdc, Ie = 0; f = 0.1 MHz) 
FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 

(Pout = 40 W, Vcc = 12.5 Vde, f = 175 MHz) 
Collector Efficiency 

(Pout = 40 W, Voc = 12.5 Vde, f = 175 MHz) 


*tndicates JEDEC Registered Data for 2N6084. 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


100 uF 0.1 uF 
| | 1000 of| 
a5 SHIELO 


C1,2,3,4 50-80 pF ARCO 462 L2. 1 Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1" 
L1 Straight Wire, #14 AWG, 1-3/8 Long) RFC VK200-20/48, FERROXCUBE. 


AA MOTOROLA Semiconductor Products Inc. 
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2N6084 e MRF224 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — SERIES EQUIVALENT IMPEDANCE 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA 


Semiconductors 


BOX 20912 ¢ PHOENIX, ARIZONA 85036 


The RF Line 


3.0 W — 175 MHz 
RF POWER 


TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


. designed for 12.5 Volt VHF driver amplifier applications 
required in industrial and commercial FM equipment. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 3.0 Watts 
Minimum Gain = 7.8 dB 
Efficiency = 50% 
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*MAXIMUM RATINGS | 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


| Storage Temperature Range 
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*indicates JEDEC Registered Data. 
This device is designed for RF operation. The total device dissipation applies only when 
the device is operated as an RF amplifier. 
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Atl JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


9-30 


2N6255 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


“OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, !g = 0) 


Collector- Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage 


(ig = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current 

(Voce = 15 Vde, Vee = 0, Te = 55°C) 
Collector Cutoff Current 

(Veg = 15 Vdc, te = 0} 


ON CHARACTERISTICS 


DC Current Gain hFE 5.0 
(Ic = 250 mAdc, Vee = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Ca. 15 20 pF 
(Veg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST . 


Common-E mitter Amplifier Power Gain 
(Pout = 3-0 W, Voc = 12.5 Vde, 
f = 175 MHz) 


ous Collector Efficiency. 
(Pout = 3.0 W, Vcc = 12.5 Vdc, 
= 175MHz) 


FIGURE 1 — 175 MHz CIRCUIT 


ct 
12.5 Vde 


C13 = 2.0-50 pF ARCO 461 ELMENCO 
2,4  §.0-80 pF ARCO 462 ELMENCQ 


i) 1000 pF FEED THRU 
C6 5.0 wF 
LI 1 TURN #18 AWG 4%" 1D. 


L2 2% TURNS #18 AWG 4” 1.0. 

RFC? 0.15 wH MOLDED CHOKE 
WITH BEAD ON GROUND LEG 

RFC2 0.154H MOLDED CHOKE 


BEAD IS FERROXCUBE 
56-57 0-65/3B 


MOTOROLA Semiconductor Products Inc. AA pees ed 
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2N6255 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


Vcc = 12.5 Vde 


Pout, OUTPUT POWER (WATTS) 


300 450 600 


Pin, INPUT POWER (mW) 


FIGURE 4 — COLLECTOR LOAD versus FREQUENCY 


Rec. COLLECTOR LOAD RESISTANCE (OHMS) 


160 


125 175 


f, FREQUENCY (MHz) 


FIGURE 6 — PARALLEL EQUIVALENT 
INPUT CAPACITANCE versus FREQUENCY 


200 


150s 


Vee = 12.5 Vae 


100 


INPUT CAPACITANCE (pF) 


Cin, PARALLEL EQUIVALENT 


f, FREQUENCY (MHz) 


Cout. PARALLEL EQUIVALENT 
OUTPUT CAPACITANCE (pF) 


Rin, PARALLEL EQUIVALENT 


Pout, OUTPUT POWER (WATTS) 
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INPUT RESISTANCE (OHMS) 


FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


5.0 
4.0 
Pin = 500 mW 
orate bate Sp cas eal 
f = 175 MHz 
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8.0 12 : 16 20 


Vec, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE versus FREQUENCY 


{, FREQUENCY (MHz) 


FIGURE 7 — PARALLEL EQUIVALENT 
INPUT RESISTANCE versus FREQUENCY 


150 226 
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f, FREQUENCY (MHz) 


(AA) MOTOROLA Semiconductor Products inc. 


MOTOROLA MRF 212 


Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


The RF Line 
| : 10 W—175 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 
NPN SILICON 


designed for 12.5 volt VHF large-signal power amplifier 
applications required in commercial and industrial equipment 
operating to 300 MHz. 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 10 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% 


=s3 
=r, 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


Total Device Dissipation @ Ty = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are Operated as RF amplifiers. 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


1454-09 


QA.22 


MRF212 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BVCEO Vdc 
(ic = 15 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage BVcRO 36 | Vde 
(Ic = 5.0 mAdc, Ie = 0) 

Emitter-Base Breakdown Voltage BVEBO Vde | 
(ig = 2.5 mAdc, Ic = 0) , 

ON CHARACTERISTICS 


DC Current Gain hee 
(ic = 250 mA, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 15 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (FIGURE 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 10 W, f = 175 MHz) 


Collector Efficiency 
(Voc = 12.5 Vdc, Poy = 10 W, f = 175 MHz) 


SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
(Voc = 12.5 Vdc, Poy, = 10 W, f = 175 MHz) 


ZOL 
Ohms 
1.74 -j3.93 5.86 ~-j7.37 


FIGURE 1 — 175 MHz TEST CIRCUIT 


+12.5 Vde 


100 uF 0.1 uF 
| | 1000 ] 
a5 SHIELO 


= C1,2,3,4 5.0-80 pF ARCO 462 L2 1 Turn, #14 AWG, 3/8 1D, Length Pius Leads = 1°’ 
LI Straight Wire, #14 AWG, 1-3/8 Long RFC VK200-20/48, FERROXCUBE. 


MOTOROLA Semiconductor Products inc. 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| The RF Line 


20 W — 175 MHz 
CONTROLLED Q 
RF POWER 
TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


.. designed for 12.5 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 


Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 20 Watts 

Minimum Gain = 8.2 dB 

Efficiency = 60% 


100% Tested for Load Mismatch at all Phase Angles 
with 20:1 VSWR 


Characterized With Series Equivalent Large-Signal Impedance 
Parameters 


Built-In Matching Network for Broad Band Operation 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


[MILLIMETERS] INCHES _| 

| MIN | MAX | MIN | MAX | 

a | 24.38 15.15 | 0.960 | 0.990 | 
|B | 12.451 12.95 | 0.490 | 0.510 | 

| C | 5.97 | 7.62 | 0.235 | 0.300 | 

(1) These devices are designed tor RF operation. The total device dissipation rating | Do | | 6.59 | 
applies only when the devices are Operated as class B or C RF amplifiers. 


CASE 316-01 


MRF215 


ELECTRICAL CHARACTERISTICS (Tc 25°C unless otherwise noted) 


het Stel et fe |G 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage BVCEO 
(Ic = 20 mAdc, fg = 0) 
Collector-Emitter Breakdown Voltage BVcES 
(I¢ = 10 mAdc, Vege = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 2.0 mMAdc, Ic = 0) 


| Collector Cutoff Current . ICES mAdc 
(Vce = 15 Vde, Vee = 0, Tc = 55°C) 

Collector Cutoff Current 

- (Vep = 15 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hfe 
(Ic = 500 mAdc, VcgE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 15 Vdc, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-E mitter Amplifier Power Gain — 
(Pout = 20W, Vcc = 12.5 Vdc, f = 175 MHz) 


Collector Efficiency 


(Pout = 20 W, Vcc = 12.5 Vde, f = 175 MHz) 


Load Mismatch 
(Pout = 20 W, Voc = 12.5 Vde, f = 175 MHz No Degradation in Output Power 
VSWR = 20:1, all phase angles) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


C7 is C8 
- + 
| | 12.5 Vde 
RF OUTPUT 


C10 
= 
ee 


RF INPUT C1 


C12 
C1,C12 15 pF UNDERWOOD | L3 6 Turns, =20 AWG, on 390 Ohm, 2 W Resistor 
C2,C3 40 pF UNDERWOOD L4 Ferrite Choke, FERROXCUBE VK-200-10-4B 
C4 0.1 uF, 100 V, ERIE L5 Ferrite Bead, FERRO XCUBE 56-590-65-3B 
C5,C6,C10,C14- 10 pF UNDERWOOD R1 390 Ohm, 1/2 W, 10% 
c7,C8 680 pF ALLEN BRADLEY Feedthrough R2 2.7 Ohm, 1/4 W, 10% 
cg 25 pF UNDERWOOD - Z1, 22 MICROSTRIPLINE ~ 0.275° Wx 4.13" L 
C11,C13 1.0-10 pF JOHANSEN Type 3201 Board — Glass Teflon, ¢ = 2.56, t = 0.062” | 
LI 0.15 uH Choke Input/Output Connectors — Type N- 
L2 2 Turns, #24 AWG, 1/8" 1D ERP U rn Rea creat 
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FIGURE 6 — 175 MHz TEST CIRCUIT LAYOUT 
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MOTOROLA 


Semiconductors MRF216 


BOX 20912. PHOENIX, ARIZONA 85036 


| | The REF Line | 
40 W — 175 MHz 


CONTROLLED OQ 


RF POWER 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


.. .designed for 12.5 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 


‘Specified 12.5 Volt, 175 MHz Characteristics— 
Output Power = 40 Watts 
Minimum Gain = 6.7 dB 
Efficiency = 60% 


100% Tested for Load Mismatch at all Phase Angles 
with 20:1 VSWR 


Characterized With Series Equivalent Large-Signal Impedance 
Parameters 


Built-In Matching Network for Broad Band Operation 


MAXIMUM RATINGS 


Collector-E mitter Voltage VCEO fF 1B Vdc 
Emitter-Base Voltage VEBO | Vdc aN 4 ee 
Collector Current — Continuous a a Adc : oe 
.BA 
Total Device Dissipation @ Tc = 25°C (1) 75 Watts FLANGE-ISOLATED 
Derate above 25°C 0.428 w/°C 
5 [MILLIMETERS| INCHES | 
Storage Temperature Range -65 to +200 MIN | MAX | MIN | MAX] 
| a _| 24.38 | 25.15 | 0.960 | | 0.990 | 
|B | 12.45 [12.95 | 


(1) These devices are designed for RF operation. The total device dissipation rating — 
applies only when the devices are operated as class B or C RF amplifiers. 


CASE 316-01 


MRF216 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ip = 0 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ie = O) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 Ade, Veg = 5.0’ Vde) 


Collector Cutoff Current 
(Vcg = 15 Vde, Veg = 0, Tc = 55°C) | 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcop= 15 Vde, |e =0, f= 1.0MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 40 W, Vcc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 


(Pout = 40 W, Vcc = 12.5 Vde, f = 175 MHz) 


Load Mismatch 
(Pout = 40 W, Vcc = 12.5 Vde, f = 175 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


L4 


Cll C12 C13 12.5 Vde 


11 


RF INPUT >-<}—} , a | , L Cro 


Ci ou 2 L2 Cé {C7 1 C8 mS) 
L3 
C5 
C1, 10 0.1 uF, 100 V Chip = L1 6 Turns, #18 AWG, 1/4” Dia. 
C2,3,4 40 pF, UNELCO L2 3 Turns, 1/8’ Dia on Lead of C5 
C5 0.1 uF, 100 V Disc Ceramic L3,L4 FERRITE Choke. FERROXCUBE VK200-10-4B 
C6,7_ 10 pF, UNELCO Z1 MICROSTRIPLINE, 0.300” Wide, 3.20” Long 
C8 25 pF, UNELCO Z2 MICROSTRIPLINE, 0.300" Wide, 0.50" Long 
cg 60 pF, UNELCO 23 MICROSTRIPLINE, 0.300’ Wide, 1.90 Long 
C11,12 680 pF, ALLEN BRADLEY Feedthru Board — Glass Teflon, ¢ = 2.96, t = 0.062" 
C13 1.0 uF, 35 V, TANTALUM Input/Output Connectors — Type N 


AA MOTOROLA Semiconductor Products Inc. a 


MRF216 
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TYPICAL PERFORMANCE DATA 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
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FIGURE 6 — 175 MHz TEST CIRCUIT LAYOUT 


MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


| The RF Line | | 


NPN SILICON RF POWER TRANSISTOR 


ee designed for 12.5 Volt large-signal power amplifier applications 
in communication equipment operating to 225 MHz. 


® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 4.0 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 

@ Characterized With Series Equivalent Large-Signal Impedance 

Parameters 


@ Grounded Emitter TO-39 Package for High Gain and Excellent 
Heat Dissipation 
@ Replaces Medium Power Stud Mount Devices 


MAXIMUM RATINGS 


[CotectrGam Valege | ~Veno | 38 vae 
oemewewsrc | | aa | mite 
Derate above 25°C 45.7 mw/°C 
Siarane Tempera Range | Tae a] 


THERMAL CHARACTERISTICS 


8 


Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[___Cheraewrsv ‘| Srmbot | win | tr [ Max [ Uni 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1c = 10 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ =5.0 mAdc, Vpe = 0) 


Emitter-Base Breakdown Voltage 
(le = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcog = 15 Vdc, te = 0) 


ON CHARACTERISTICS 


| DC Current Gain 
| = (Iq = 250 mAdc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 15 Vdc, Ie = 0, f = 0.1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 4.0 W, Veco = 12.5 Vdc, 

Ic (max) = 640 mAdc, f = 175 MHz) 

| Collector Efficiency 

(Pour = 4.0 W, Voc = 12.5 Vde, 

ic (max) = 640 mAdc, f = 175 MHz) 


MRF237 


4 W — 175 MHz 
RF POWER 


TRANSISTOR 
NPN SILICON 


seer zoolles D 


STYLE 5: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


S19} 9/ 9} 9/9] 0 
Cjcai | col Co 
G/B] Oo! Go] o> 
Hl) oj an 


— i=) 
BR 
—_ 
(] 


2.54 TYP 
90° NOM 90° NOM 


CASE 79-03 


MR F237 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


C1,C4,C5 3.0-180pF, ARCO 463 
C2  1.75-30pF, ARCO 461 

40 pF, UNELCO 
0.01 uF, ERIE 
0.1 uF, ERIE REDCAP 
1.0uF, TANTALUM 
1000 pF, UNELCO 
100 pF UNELCO 


Pin, INPUT POWER (mW) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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1/2 Turn, #16 AWG, 0.5” 1.D. 
1°, #16 AWG 

0.75" #16 AWG 

1 Turn, #16 AWG, 0.5" I.D. 
0.15 4H Molded Choke 

1.2 wH Molded Choke 

FERRITE Beads, FERROXCUBE 
#56-570-65/3B 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


]) Serniconductors 


BOX 20912 e PHOENIX, ARIZONA 85036 


7 Advance Information a 
| 0 The RF Line - | | The RF Line | | 


NPN SILICON RF POWER TRANSISTOR 


... designed for 13.6 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 
ideally suited for marine radio applications. 


@ Specified 13.6 Volt, 160 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 60% 


MAXIMUM RATINGS 
Rating 


Collector-Base Voltage VcBo 
Emitter-Base Voltage VEBO 


| (1) For Repeated Assembly use 5 In. Lb. 


This is advance information and specifications are subject to change without notice. 


MRF238 


30 W — 160 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MRF238 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


PF Characteristic CT Svmbot [Min | typ | Max | unit _| 


OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ig = 0) 
| Collector-Base Breakdown Voltage 


(Ic = 15 mAdc, Ie = 0) 
| Emitter-Base Breakdown Voltage 
(Ie = 5.0 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 1.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcp = 15 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Vcc = 13.6 Vde, Poy = 30 W, Ic (max) = 4.0 Adc, f = 160 MHz) 
Collector Efficiency 

(Vcc = 13.6 Vde, Pout = 30 W, Ic (max) = 4.0 Adc, f = 160 MHz) 


+13.6 Vde 


es RF Output 


C1 200 pF, 350 Vdc, UNELCO 3.3 x 0.2 cm AIRLINE Inductor 
C2 100 pF, 350 Vdc, UNELCO ; 1.0x 0.2 cm AIRLINE tnductor 
C3 40pF, 350 Vdc, UNELCO 1.2 x 0.6 cm Brass Pad 
80 pF, 350 Vdc, UNELCO 1.2 x 0.6 cm Brass Pad and 
C6 1.020 pF, 4 0z. ARCO Trimmer 2.0 x 0.2 cm AIRLINE Inductor 
C7 100 pF 350 Vdc, UNELCO . 
C8 0.1 UF ERIE Disc Ceramic Boards JO1lce = ort se Oe inils 
C9 0.1 WE TANTALUM 2 sided, 2 oz. Clad 
C10,C11 680 pF ALLEN BRADLEY Feedthru Connectors: Type N 
RFC1 0.15 wH Molded Choke 
RFC2 10 Turns, #18 AWG on 470 Ohm, 1 Watt Resistor 
Bead FERROXCUBE Bead 
RFC3 FERROXCUBE Choke, VK 200-48 


(AA) MOTOROLA Semiconductor Products Inc. 
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FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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‘FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MOTOROLA MRF 243 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


| Advance Information 
The RF Line | 60 W — 175 MHz 


CONTROLLED Q 
RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


.. . designed for 12.5 Volt VHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 175 MHz. 


Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power = 60 Watts 
Minimum Gain 7.0 dB 
Efficiency =_ 55% 


@ Characterized With Series Equivalent Large-Signal Impedance 
Parameters 


@ Built-In Matching Network for Broadband Operation 


® Capable of Withstanding VSWR of 20:1 at Rated Poy; and 
Voltage 


po Rating 
| Collector-Base Voltage 
PIN 1. EMITTER 


MAXIMUM RATINGS 


2. COLLECTOR 

3. EMITTER 

4. BASE 
FLANGEASOLATED 


[MILLIMETERS| INCHES | 


| MIN | MAX | 
| a | 24.38} 25.15 | 0.960 | 0.990 | 
| Bf 12.451 12.95 | 
| Thermal Resistance, Junction tocase | Rae | 0 cr 


CASE 316-01 


This is advance information and specifications are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Tc = = 26°C unless otherwise noted) 


OFF CHARACTERISTICS t=. 

Collector-Emitter Breakdown Voltage mee Se 
(I¢ = 100 mAdc, Ig = 0) 

i dS 
c= 50 mAdc, Vge_ = 0) 
ile 210 Ade: ic = 0) : 


ON CHARACTERISTICS 


DC Current Gain | hee 35 150 
{ic = 5.0 Adc, Vcg = 5.0 Vde) | 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vop = 15 Vde, le = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 60 Watts, f = 175 MHz) 


{nput Power 
(Vcc = 12.5 Vdc, Poy, = 60 Watts, f = 175 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Pout = 60 Watts, f = 175 MHz) 


RF tnput co 
re 


fy 
= RF Output 


c1,015 500 pF Dipped Mica RFC1 0.15 wH Moided Choke 

C2,C4,C12,C14 2.0 — 15 pF EF JOHNSON Trimmer T9165 RFC2 6. Turns, #18 AWG Enameled Wire, Wrapped 
C3 25 pF UNELCO on 560 22, 1 W Resistor 

cs 40 pF UNELCO RFC3 Ferrite Choke, FERROXCUBE VK200-10-4B 
C6,C7 100 pF UNELCO Bead FERROXCUBE Bead 56-590-65-3B 

C8,C13 60 pF UNELCO L1 0.5" x 0.125". AIRSTRIP Inductors 

cg 200 pF UNELCO L2,L7 2.0" x 0.125’. AIRSTRIP Inductor | 

C10 80 pF UNELCO L3,L6 = 1.0 x 0.125" AIRSTRIP Inductor 

ci1 250 pF UNELCO L4 1/16’ Eyetet, 0.059’’ Outer Diameter 

C16 0.1 BF, 50 Vde ERIE REDCAP L5 1/16"’ Eyelet, 0.059’ Outer Diameter and 0.5” 
C17 1.0uUF, 35 Vdc TANTALUM x 0.125’’ AIRSTRIP Inductor 

c18 10 uF, 35 Vdc Electrolytic Board: G10, €, © 5,t = 62 mils, 2 sided 2 oz. Copper Clad 
C19,C20 680 pF ALLEN-BRADLEY Feedthrough Connectors: Type N, UG58 A/U 


This circuit is designed with passive components on bottom of board. 
See Engineering Bulletin EB-46. 


(AA) MOTOROLA Semiconductor Products Inc. 
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Pout. QUTPUT POWER (WATTS) 


Pout, QUTPUT POWER (WATTS) 


FIGURE 2 —- OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus FREQUENCY 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


the 


TUE 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors | MRF245 


BOX 20912 6. PHOENIX, ARIZONA 85036 


The RF Line | 


80 W ~ 175 MHz 


CONTROLLED Q 
RF POWER 


TRANSISTOR 


NPN SILICON RF POWER TRANSISTORS 


... designed for 12.5 Volt VHF large-signal amplifier applications in NPN SILICON 


industrial and commercial FM equipment operating to 175 MHz. 


@ Specified 12.5 Volt, 175 MHz Characteristics — 


Output Power = 80 Watts 
Minimum Gain = 6.4 dB 


Efficiency = 55% 
@ Characterized With Series Equivalent Large-Signal | mpedance 
Parameters : 


@ Built-In Matching Network for Broadband Operation 


® Capable of Withstanding VSWR of 20:1 at Rated Poyt and 
Voltage 


m a STYLE 1: 


PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4, BASE 
FLANGE-ISOLATED 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 18 TV 
Collector-Base Voltage VcBO Vde 


MILLIMETERS] INCHES | 
[MAX | MIN | MAX | 

38 |25.15 | 0.960 | 0.990 
142.95 | 


Thermal Resistance, Junction to Case 


—ihN 
CONN] 
Ol loo 
“Jj on] Oo 


CASE 316-01 


MRF245 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | Tye | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage. 
(Ig = 100 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage 


(t¢ = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage 
(Ie = 10 mAdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 35 150 
(ic = 5.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vog = 15 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Pout = 80 Watts, f = 175 MHz) 
Input Power 
(Vcc = 12.5 Vdc, Pout = 80 Watts, f = 175 MHz) 
Collector Efficiency 
| (Vec = 12.5 Vde, Pout = 80 Watts, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


RF 


Output 


C1,4,5,6,7 250 pF UNELCO 1 5.0 x 0.2 cm Airline Inductor 
C2 25 pF UNELCO L2 2.0 x 0.2 cm Airline Inductor 
c3,8 80 pF UNELCO L3 2.4 x 0.2 cm Airline Inductor 
cg 10 pF UNELCO L4 4.5 x 0.2 cm Airline Inductor 
c10 1000 pF UNELCO L5 2.0cm AWG #16 Wire 
-C11 0.1 WF Erie Disc Ceramic Board: G10, €, * 5, t = 62 mils 
C12 1.0 uF Tantalum Connectors: Type N 
C13, 14 680 pF Allen Bradley Feedthru 
RFC1 VK200-48 Ferroxcube Choke 
RFC2 10 Turns #18 AWG Enameled Wire 
on 4702 2 W Resistor 
RFC3 Fairite #2643021801, Ferrite Bead 


@) MOTOROLA Serniconductor Products inc. 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout, OUTPUT POWER (WATTS) 
Pout, QUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) ; Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — OUTPUT POWER versus FREQUENCY FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA | 
Semiconductors MRF604 


The RF Line | 


1.0 W - 175 MHz 
RF POWER 
TRANSISTOR 
NPN SILICON RF POWER TRANSISTOR | NPN SILICON 


.. . designed for 12.5 Volt VHF large-signal amplifier applications 
in industrial equipment with restricted available space. 


@® Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 10 dB 
Efficiency = 50% 


SEATING 
PLANE 


MAXIMUM RATINGS 


M VY 
iN. 
Emitter-Base Voltage a sT 


Total Device Dissipation @ Tc = 25°C 2. BASE 
Derate above 25°C 3. COLLECTOR 
Storage Temperature Range . TMILLIMETERS| INCHES | 


i 
a 531 | 5.84 


[2.16 [0.065 | 0.085 
0.016 | 0.021 


YLE 1: 
PIN 1. EMITTER 


All JEDEC dimensions and notes apply 


CASE 26-03 
T0.-46 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


[Collector-E mitter Breakdown Voltage | 

(Ic = 5.0 mAdc, Ig = 0) 

\Collector-Base Breakdown Voltage 

|} (Ic = 100 uAdc, Ig = 0) 

Emitter-Base Breakdown Voltage a | 35. ‘ae | Vdc 
(1g = 100 nAdc, Ic = 0) | | 

Collector Cutoff Current 

(VcE = 12 Vdc, |g = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 20 200 
(I¢ = 50 mAdc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 50 mAdc, VcE = 10 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcp = 12.5 Vdc, te = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) . 
Common-Emitter Amplifier Power Gain 

(Vcc = 12.5 Vdc, Poy = 1.0 W, f = 175 MHz) 
Collector Efficiency 


(Voc = 12.5 Vdc, Pout = 1.0 W, f = 175 MHz) 


Series Equivalent Input Impedance 
(Voc = 12.5 Vde, Poyt = 1.0 W, f = 175 MHz) 


Series Equivalent Output Impedance 
(Voc = 12.5 Vde, Pout = 1.0 W, f = 175 MHz) 


C1,C2,C3,C4  3.0-30pF 
C5 1000 pF 

C6 0.01 uF 

L1- 2 Turns, #16 AWG, 3/16" |.D., 1/4" Long 
L2 0.15 #H, MOLDED CHOKE 

L3 4 Turns, #16 AWG, 3/8" 1.D., 3/8" Long 
R1 100 £2, 1/4 W, 10% 


MOTOROLA Semiconductor Products Inc. 
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MRF604 


FIGURE 3 — CURRENT-GAIN BANDWIDTH PRODUCT 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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f= 


Vcc = 12.5 Vde 
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Ic. COLLECTOR CURRENT (mA) 


Pin, INPUT POWER (mW) 


FIGURE 4 — OUTPUT CAPACITANCE versus 


COLLECTOR BASE VOLTAGE 
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IOTOROLA 


Semiconductors MRF607 


BOX 20912 6. PHOENIX, ARIZONA 85036 


The RF Line 


1.75 W — 175 MHz 
RF POWER 


NPN SILICON RF POWER TRANSISTOR TRANSISTOR 
| NPN SILICON 


... designed for amplifier, frequency multiplier, or oscillator ap- 
plications in military, mobile, marine and citizens band equipment. 
Suitable for use as output driver or pre-driver stages in VHF and 
UHF equipment. 


Specified 12.5 Volt, 175 MHz Characteristics — 
Output Power = 1.75 Watts 
Minimum Gain = 11.5 dB 
Efficiency = 50% 


Characterized through 225 MHz 


i—- A - 
Pear 


SEATING 
PLANE 


MAXIMUM RATINGS 


STYLE 
ea PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


[MILLIMETERS | INCHES | 
Total Device Dissipation @ Tc = 75°C (1) : | MIN: [MAX | MIN | MAX | 
Derate above 75°C Se 
: 31 ; 
| C | 6.10 | 0.260 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as class B or C RF amplifiers. 


CASE 79-02 
TO-39 


Al JEDEC notes and dimensions apply. 
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MRF6O7 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eS 
OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage 
(i¢ = 25 mAdc, ig = 0) 


Emitter-Base Breakdown Voltage BVEBO Vdc 
(te = 0.5 mAdc, Ic = 0) 
Collector Cutoff Current ICEO 0.3 mAdc 
| (Veg = 10 Vdc, tg = 0) 


ON CHARACTERISTICS 


DC Current Gain | hee 20 
(I¢ = 50 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 12 Vdc, |e = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-E mitter Amplifier Power Gain 
(Pout = 1.75 W, Vcc = 12.5 Vde, f = 175 MHz) 


Collector Efficiency 
(Pout = 1.75 W, Vcc = 12.5 Vde, f = 175 MHz) 


FIGURE 1 — 175 MHz TEST CIRCUIT SCHEMATIC 


+ 
12.5 Vdc 


RF 
Output 


2.7-15 pF, ARCO 461 1 Turn #20 AWG, 3/8" 1D 
9.0-180 pF, ARCO 463 3 Turns #20 AWG, 3/8” ID 
5.0-80 pF, ARCO 462 0.22 pH Molded Choke 
1000 pF UNELCO 0.15 “4H Molded Choke 


5 wF, 25 Vdc, TANTALUM with FERROXCUBE 
56-590-65-3B Bead on 


ground lead 


AA MOTOROLA Semiconductor Products Inc. 
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MRF607 


TYPICAL PERFORMANCE DATA 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


PARAMETERS 


OUTPUT POWER versus SUPPLY VOLTAGE 


FIGURE 4 — 
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Simple VHF Broadband Design 
Uses CQ Transistor Lineup 


The full use of the VHF band has produced a spectacular increase in new designs and 
equipment, an increase spurred even more by improvements in RF transistors and 
concurrent expansion of the lines offered by major producers. Motorola is keeping the ball 
rolling by developing new designs using its state-of-the-art devices to show how you can 
improve existing systems or design new ones. 

Here are the details of a compact, fixed-tuned amplifier for the 132- to 175-MHz band 
that uses our latest Controlled-Q transistor. The amplifier combines high-gain efficiency, 
circuit simplicity, good bandwidth, and the ability to withstand high VSWRs. 

Tests of our ampifier reveal that an input of approximately 1.0 W is needed for a 40-W 
output at 12.5 V. Efficiency is approximately 70% at 175 MHz and gradually decreases to 
about 50% at 132 MHz. The second harmonic is greater than 40 dB down at 132 MHz 
and more than 55 dB down at 175 MHz. Non-harmonically related signals are a minimum 
of 60 dB down. The amplifier has successfully operated at 30:1 VSWR at all phase angles. 


Controlled-Q Transistors Line Up For 40 Watts 


Two flange mount devices are used in the amplifier: MRF216, a 40-W internally 
matched device using the proven die for the 2N6084, and the MRF221, a flange version of 
the 2N6081. The circuit combines Chebychev low-pass impedance transforming networks 
on the input and output with a special interstage network that matches device 
impedance parameters. 

Figure 1 shows a partial schematic of the amplifier circuit with important RF 
components indicated. In this type of circuit, it can be considered roughly that the first 
L-C network near each transistor sets the upper band edge, while the second L-C network 
optimizes the total band performance. 
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FIGURE | 


Z3 Z4 C9 
C5 
Q2 
C4 C6 ‘i C7 a. C8 


Q1 — MRF221 transistor C1, 3, 8 — 40 pF UNELCO capacitor 
Q2 — MRF216 transistor C2, 7 — 200 pF UNELCO capacitor 
C4, 6 — 60 pF UNELCO capacitor 

WIDTH LENGTH C5 — >1000 pF ceramic chip capacitor 
Z1— 0.100 in. 2.400 in. C9 — Two 0.018 vF Vitramon chip capacitors in 
Z2 — 0.100 in. 0.350 in. parallel | 
Z3 — 0.100 in. 0.400 in. Board — 0.062, 2 0z., 2-sided Cu-clad, type G-10 
Z4 — 0.100 in. 2.800 in. 


Computer Aids Design 


Actual circuit values were derived by using the Motorola computer-aided design program 
“NETWK.” The interstage matching network was empirically designed to achieve the best 
compromise between efficiency, saturated power, and gain. 


FIGURE I 


o + D.C. Feed 
L3 L4 C13 


—_ — — 
—_ -_ -_ 


R1,2— 1 ohm, 1 Wcarbon resistor C10, 11 — Allan Bradley 680 pF feedthru 
R3,4 — 22 ohm, 1/2 W carbon resistor (C12,13— 14F, 35 V tantalum capacitor 
L1,2— .15 wH molded choke C14 —- 10 wF, 35 V tantalum capacitor 
L3,4— Ferroxcube VK200 inductor; three C5— >1000 pF ceramic chip capacitor 
Ferroxcube beads (56-590-65/4B) Q1 — MRF221 transistor 
over #18 wire Q2 — MRF2716 transistor 


Figure 2 shows the base and collector bias and bypass circuitry including the feedback 
network. Two 22-ohm resistors (R3, R4) are required to prevent instability at low input 
and/or voltage conditions. Because of the physical proximity of the two transistors, the 
two feedback resistors are placed base-to-base and collector-to-collector. This is equivalent 
to placing each resistor across the collector-to-base junction of each device and eliminates 
a coupling capacitor. 

The two 60-pF UNELCO Capacitors (C4, C6) in the interstage network were placed 
on edge to facilitate the close physical spacing of the devices necessary for best operation 
over the entire band. To get optimum performance (nearly flat from 120- to 180-MHz), 
the amplifier was built displaying the output of a VHF-swept frequency test setup. 


REV 2. 


—-12v0C . 


PC BOARD LAYOUT 


Put it All Together Like This 


1. Use thermal compound beneath the transistors to ensure good heat transfer. 

2. The interstage section can be assembled as in the photograph of the demonstration 
amplifier. 

3. The input network is centered at about 170 MHz. Consequently, input VSWR is below 
1.3:1 from 150 to 180 MHz and gradually rises to approximately 1.6:1 at 130 MHz. As 
mentioned earlier, the first L-C section (Z2, C2, C3) sets the top frequency cutoff 
while the next L-C section (Z1, C1) sets the bandwidth. The UNELCO capacitors 
used are +20%, so slight changes in performance can be expected. 
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7. 


8. 


L4 C14 


The output network is set so the amplifier just begins rolling off at 180 MHz. At 190 
MHz, the output is down 6 dB and by 260 MHz, the output is down 40 dB. The first 
L-C section (Z3, C7) adjusts-the upper roll-off and may be changed to effect a lower 
frequency cut-off by lengthening the first section of line from device to capacitor 

by a small amount. The second L-C section (24, C8) will affect the amplifier efficiency, 
and a careful watch of both efficiency and output power must be made while adjusting 
the L-C combination. - 

Continuous grounds on the board are essential to good, predictable operation of 

a broadband circuit. If wrapping or plating around the edges of the circuit board is not 
feasible, at least six fasteners per side should be used for ground transfer. 

Transistors are located just as shown in the photograph. The mounting hole for 

the MRF216 should be cut so that the collector lies on the microstrip as close to the 
transistor package as possible. The emitter leads should be grounded to the PC board as 
close as possible. The same applies to the emitter leads on the MRF 221. | | 

The board should be wrapped along the edges on all four sides for grounding purposes. 
Eyelets should be put through the board beneath each of the emitter leads of both parts. 
A negative can be made by photographing the PC board layout, as it is full-scale 
reproduction of the board. 


For Best Results-Sweep 


In conjunction with these hints, use of the positioning marks on the circuit board will 


produce reasonable performance from the amplifier while a swept test setup will get the 
maximum performance from each pair of transistors. 


Freq Pin Pout Te Vec Input 


MHz W W A V VSWR 
180 1.25 40 55 12.5 1.3:1 
170 1.00 40 5.3 12.5 1.15:1 
160 0.90 40 5.7 12.5 1.15:1 
150 1.00 40 6.5 12.5 1.3:1 
140 1.35 40 7.5 125  1.45:1 
130 1.70 40 85 12.5 1.6:1 


MOTOROLA Semiconductor Products Ine. 


A Single-Device, 80-Watt, 50-Ohm VHF Amplifier 


Revision in preparation. Request EB-46 from Motorola Semiconductor Products Inc., Literature 
Distribution Center, P.O. Box 20924, Phoenix, AZ 85036. 


Prepared by: 
Tom Bishop 


The introduction of MRF245, an internally matched 
CQ* transistor for 12.5-volt operation, now makes pos- 
sible single-device, 80-watt amplifiers operating at VHF 
bands at or below 175 MHz. This engineering bulletin 
describes the design and construction of an amplifier 
using a single MRF245 and providing 80 W with 9.4-dB 
gain across the 143- to 156-MHz band. Modifications of 
the basic amplifier for operation across broader bands 
are also discussed. 


The RF Transistor—-MRF245 


The MRF245 is rated at 80 watts power output, 175 
MHz, at 12.5 Vdc with a minimum of 6.4-dB gain. It 
features an L-type input matching in a CQ package for 
optimum broadband characteristics. This rugged device 
will withstand a 20:1 VSWR at all phase angles at rated 
operating conditions. 


The Building Block Amplifier 


The amplifier operates across the 143- to 156-MHz band 
with approximately 9.4 dB of gain. Eight watts of drive 
at 13.5 Vdc produces 80 watts of output power. With 
minor matching changes, the amplifier will operate across 
the 155- to 175-MHz band with typically 9.0-dB gain. 
Efficiency averages 60% across the bands, varying slightly 
with each variation used. The second harmonic at 150 
MHz is -40 dB (40 dB below 80 W) without an output 
filter. Each version has been built and tested at a 20:1 

VSWR mismatch at all phase angles with no degradation. 


Building the Board 


The basic amplifier is built on 57-gram, copper-clad, 


TOP 
MRF245 


Mm REIN O 


FIGURE 1. Photomask for Top and 
Bottom of PCB (Positive) 


double-sided, printed circuit board measuring 6 x 7.7 cm. 
The material is G10, e, ~ 5, t = 0.16 cm. Figure lisa 
1:1 photomask for the top and bottom of the amplifier. 
Dots on the mask signify positions where eyelets are used 


to effectively interconnect the grounds on the top and 


bottom of the board. These are USM Electronic Eyelets 
““S-6084” or equivalent. 


The series tuning inductors are printed strip lines with 
the ground plane removed beneath them. This technique 
reduces the I2R losses and improves the consistency of 
these critical elements. The elements are referred to as 
airlines or airstrip inductors later in the text. The letter 
“Q” signifies the placements of 4-40 screws used to 
fasten the board to the heatsink. 


( ) + 
13.5 Vde 


RFC 1 


La 
a@ 


MRF245 


C1, 11 — 500 pF Dipped mica .3 cm Airline Inductor 


C2,9~—10pF UNELCO 

C3 — 60 pF UNELCO 

C4, 5 — 250 pF UNELCO 

C6, 7 — 250 pF UNELCO 

CB — 80 pF UNELCO 

C10 — 40 pF UNELCO 

C12 —0.1 uF Erie Redcap 

C13 — 1 wF Tantalum 

C14 — 680 pF Allen Bradley Feed-Thru 


RFC 1 — 0.15 wH Molded choke 


RFC 2 — 10 T NO. 18 AWG Enameled Wire, 1/47 1.0. 


B — Ferroxcube Bead 56-590-65, 3 Beads 


.3 com Airline Inductor 
.3.cm Airline Inductor 
.3 cm Airline Inductor 
.3 cm Airline Inductor 
.3cm Airline Inductor 
.3.cm Airline tnductor 


connectors = BNC 


FIGURE 2. Circuit Schematic of 80-Watt, 143—156-MHz Power Amplifier 


Building the Amplifier . 

Figure 2 is the schematic diagram, with parts list, for 
the 143- to 156-MHz amplifier version. The base match- 
ing network consists of a three-section L’’ network that 


transforms 50 ohms to the optimum broadband and 
load-line for the MRF245 at 80 watts. 


Placement of the fixed capacitors is not extremely criti- 
cal, but it is suggested that the top view photograph be 
used with the given “airline’’ measurements from Figure 
2 to optimize performance. UNELCO capacitors or their 
equivalent are important due to the very high currents 
encountered in these components at 80 watts. In experi- 
ments, the “dipped mica” variety of capacitors were 
found to change values and sometimes overheat after 
prolonged use. 


Assembling the Amplifier on a Heatsink 


Since airstrip inductors are used, it is important to keep 
the PC board clear of the heatsink to minimize RF losses 
and maintain inductor value. Insert a nut or spacer, 0.2- 
cm thick, between the board and the heatsink and put 
the 4-40 screws through the nuts. Figure 3 illustrates this 
idea. Be sure to put a thin film of thermal compound, 
Dow-Corning 340, on the heatsink of the transistor to 
obtain good heat transfer. The heatsink should be flat, 
with curvature under the part limited to +0.025, -0.000 
cm, for best results. 


-_GA 


MRF 245 
4-40 Screw 


Nut 
(Spacer) 


4b Ye ieee Mu 


2 8 OU 0 es 0 ee 


HEATSINK 


FIGURE 3. Sideview of Amplifier 


RR ein C3 


FIGURE 4. Capacitor Placement for 


143-—156-MHz Power Amplifier 


Frequency Band Options The measured performance of the 143- to 156-MHz 


amplifier version is shown in Figure 7. 
Simple modifications can be made to the board layout . 


to change the bandwidth performance of this amplifier. 
Recommended component value changes and placements Pe AGa ea? box Geen Dae toh 
are provided in Figures 5 and 6. Figure 5 shows the 143-156-MHz Amplifier at 13.5 Vde 


placement and values for the 155- and 175-MHz ampli- 
fier, Figure 6 the changes for the 143- to 170-MHz eee Pin Pout 
amplifier. Both amplifiers are capable of 80 watts out- : . : 


put at 12.5 Vdc and are able to withstand a 20:1 VSWR. 


Operating Conditions 


The three building block amplifiers, using the MRF245, 
show gains as high as 3 dB above the data sheet mini- 
FIGURE 5. Parts Placement for mums and generally do not saturate until above 100 
155—175-MHz Power Amplifier watts of output power. We recommend, therefore, that 
the builder monitor his drive power and limit output to 
80 watts or.less. Beyond this power, the ability of con- 
ventional circuit components to withstand very high 
VSWR mismatches is significantly reduced. 


For more information on Transistor Mounting, see 
AN-555. 


For more information on CQ technology, see EB-19. 


FIGURE 6. Parts Placement for 
143—170-MHz Power Amplifier 


MOTOROLA Semiconductor Products Inc. 


TwoVHF Highband Gain Blocks Form 
20-dB, 30-Watt Amplifier Chain 


Prepared by: 
Howard Burger and Tom Bishop 


The allocation by the FCC of the VHF Marine band 
immediately created a need for a communications radio 


of the consumer type that could be adapted to amateur | 


and low-cost commercial usage. Meeting the cost and 
performance goals of such a radio will be challenging. 
It must be inexpensive, small, easily built from basic 
components and foolproof to tune in the field. 
power amplifier must provide outputs for both 25- and 
I-watt levels and be stable under mismatch. Pre-filter 
harmonic levels should be very low. 


The amplifier chain described in this bulletin will aid in 
meeting these goals. Built from two low-cost building 
blocks designed for use in VHF Marine/Amateur/ 
Commercial equipment, it provides 20 dB of gain over 


FIGURE 1. 


Bottom View of PC Board with 
Backlighting Shows Relation 
of Airline to Ground Planes 


Its 
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any 10-MHz portion of that band or tunes larger band 
portions with slightly less gain. 


L2 
c4 
as 


Printed Airline — the Key to Low Losses 


The airlines used in this amplifier are inductors printed 
on the top side of a double-clad PC board. They are 
inexpensive and very reproducible. 


In the areas below the lines on the opposite side of the 
board, the copper ground plane is removed with remain- 
ing ground plane providing a low-inductance system 
ground for the transistors and tuning capacitors. Elim- 
inating the ground plane beneath the line sections im- 


MRF 238 Printed Circuit Board 


ED ES ES 


Heatsink 


Printed Circuit Board Mounting Detail 
(Not to Scale) 


Solder Filet 


Printed Circuit Board i 
bh] 


poe 


aan = 


Case does not —— 
have to touch 


heatsink MRE237 


MRF237 Mounting Detail 
(Not to Scale) 


FIGURE 3 


FIGURE 2. Top View of 
Amplifier Board with 
: Parts Placement 


proves the current distributions and lowers the I7R 
losses. Figure 1 is a photo showing an airline formed 
on a double-clad PC board. Figure 8 provides 1:1 top 
layout of the amplifier. 


The line should be one-third centimeter from metallic 
areas such as the heatsink to prevent detuning. This is 
accomplished by mounting the board on spacers as 
shown in Figure 3. . 


The 4-Watt Gain Block 


The first gain block utilizes the MRF237, a common- 
emitter TO-39 transistor. The block has 50-ohm input 
and output impedances, and provides at least 10 dB gain. 
The input has an exceptionally low (less than 1.5:1) 
SWR over the 140- to 175-MHz range. It needs no retun- 
ing when driven from a 50-ohm source. These benefits 
are provided by the block’s input circuit which is essen- 
tially a low-pass filter designed to transform the line 
impedance down to that of the transistor. | 


The output circuit provides the tuning range needed to 
match the device over any segment of the band desired. 
The configuration of the output circuit is an L-section, 
low-pass matching network. It transforms the low and 
capacitive output to 50 ohms. . 


The first block’s 4-watt, 50-ohm output can be switched 
independently through an attenuator into the output 
filter easily meeting the 1-watt requirement for a marine 
radio. Because of the common-emitter configuration, 
the TO-39 case can be directly soldered to the circuit 
board to provide RF grounding and eliminate the need 
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for additional heatsinks. Refer to EB-29 for details on 


this. Also see Figure 3. 


Interstage Match 


Both the output impedance of the MRF237 and the 
input impedance of the MRF238 are transformed to 50 
ohms. This is done for two reasons: 1) the need for a 
l-watt output suggests 50 ohms as a “‘natural” transform 
impedance, and 2) the high gain of both stages requires 
controlled coupling for maximum stability. Both the 
100-pF blocking capacitor and 50-ohm interstage imped- 
ance contribute to the high stability of this chain by 
reducing the low-frequency coupling. 


The 30-Watt Gain Block 


The device chosen for the output stage is the MRF238, 
a 9-dB, 30-watt product of Motorola’s ongoing develop- 


RFC 1 
C_ O-* 
C1. 
RE lon Li L2 L3 
input~ Sed 
C2" C3 c4 
Q1 — MRF237 
Q2.— MRF238 


C1 — 0.001-yF, 50-V, Erie Disc 

C2 — 39 pF Dipped MICA 
- C3 — 24 pF Dipped MICA 

C4 — 91 pF Dipped.-MICA 

C5 — 8.0-60 pF ARCO 404 Trimmer 

C6, C10 — 15-115 pF ARCO 406 Trimmer 

C7 — 250-pF and 100-pF UNELCO in Parallel 
_ C8, 12, 14 — 0.1 uF, 50-Vdc, Erie Disc 

C9 — 82-pF Dipped MICA 

C11 — 500-pF Dipped MICA 

C13 — 0.018-uF Chip 

C15 — 1-uF, 35-Vdc, Tantalum 

C16 — 680-pF Allen-Bradley Feedthrough 

C17 — 100-pF Dipped MICA 

R1 -- 150-ohm, 1/2-Watt 

RFC 1, 4 — 0.15-u~H Molded Choke with Ferrite Bead 

Ferroxcube 5659065/4B 


ment work in transistor technology. MRF238 has higher 
gain than previous 30-watt parts as well as good stability; 
and, in order to realize all possible gain, careful attention 
must be paid to circuit grounding techniques. 


A tunable, pi-section, low-pass filter is used to match 
the low-input impedance presented by MRF238. The 
capacitors closest to its base are low-loss UNELCO types 
used specifically for repeatability. ARCO 404s and 406s 
are the tunable capacitors. 


If desired, the ARCOs on the amplifier’s input may be re- 
placed with appropriate Phillips TFE dielectric trimmers 
or E.F. Johnson air variables, which are also suitable for 
use on the output. Note, however, that the tuning range 
of the alternate capacitors is somewhat limited and will 
require different padding values to achieve a desired 
band split. 


RFC 2 — 10 turns, No. 20 AWG, Enameled on 470-ohm, 


1/2-W Resistor with Ferrite Bead Ferroxcube 
5659065/4B 


RFC 3 — 10 turns, No. 20 AWG, Enameled on 270-ohm, 


1/2-W Resistor with Ferrite Bead Ferroxcube 
5659065/4B 


RFC 5 — Ferroxcube VK20020/48 


Li -— 
L2 — 
L3 - 
L4 —- 
L5 — 
L6 — 
L7 - 
L8 — 
LO — 


1.3°° X 0.1" (3.30 X 0.254 cm) Airline inductor 

0.6" X 0.1" (1.52 X 0.254 cm) Airline Inductor 

Base Lead Q1 

Collector Lead Q1 

Airline Inductor and 1-turn, No. 18 AWG, 0.25” (0.64 cm) I.D. 
1.9" X 0.1” (4.83 X 0.254 cm) Airline Inductor 

0.7° X 0.1" (1.78 X 0.254 cm) Airline Inductor 

0.9" X 0.1" (2.29 X 0.254 cm) Airline Inductor 

1.4° X 0.1" (3.56 X 0.254 cm) Airline Inductor 


L10 — 10 turns, No. 20 AWG, Enameled Wire 0.62” (0.159 cm) !.D. 
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Circuit Decoupling and Tune-Up 


Some care is required in decoupling to achieve stability 
under adverse operating conditions due to the rather high 
gains of the stages. Both transistor bases are dc grounded 
through RF chokes and a Ferroxcube bead. The collec- 
tors, as well as the supply, are decoupled from each other 
with appropriate wirewound chokes, a VK200-20/4B 
and capacitors of suitable value. 


Low-frequency gain in the MRF238 is degenerated with 
an LRC network between collector and base. This is 
most important under load mismatch or when driven by 
sources with high spurious content. 


All trimmers are tuned for peak output at the center 
frequency of the range of interest. Broadbanding can 
be accomplished by tuning for equal peaks at the band 
edges of the desired frequency range using all three 
trimmers. Input drive requirements increase for signifi- 
cantly greater bandwidths. 


a 
Pa 
= 
ee 
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Power Output, Watts 


eas eeNas 


120 140 160 180 200 220 240 260] 


Power Input, mW 


FIGURE 4. Power Out vs Power In at 160 MHz 


Data for MRF237/238 25-Watt Amp 
Tuned across 144—160 MHz, 25 Watts, 13.5 VDC 


Frequency Pin Ic GPE N 
MHz mW A dB % 
144 250 3.7 20.0 50 
146 215 3.7 20.7 50 
148 195 3.7 21.1 50 
150 180: 3.7 21.4 50 
152 175 3.6 21.5 51 
154 155 = 3.5 22.1 53 
156 140 3.4 22.5 54 
158 130 3.3 22.8 56 
160 140 3.1 22.5 60 

FIGURE 5(A) 


Chain Performance 


Figures 4 and 5 depict overall amplifier performance and 
show that gain does not vary appreciably over typical 
bandsplits. A minimum of 20 dB of gain can be achieved 
with any combination of any MRF237/238 parts with- 
out need for further selection. 


Data for MRF237/238 25-Watt Amp 
Tuned across 162—174 MHz, 25 Watts, 13.5 VDC 


Frequency Pin ic GPE N 
MHz mW A dB % 
162 195 3.5 21.1 53 
164 175 3.4 21.5 54 
166 165 3.3 21.8 56 
168 160 3.2 21.9 58 
170 170 —ts«3+=s 21.7 60. 
172 250 2.8 = 20.0 66 
174 250 2.8 20.0 66 

FIGURE 5(B) 


Data for MRF 237/238 Amp (140—180 MHz) 
Retuning Each Frequency for 25 Watts, 13.5 VDC 


Frequency Pin Ic GPE N 
MHz mW A dB % 
140 130 3.6 22.8 51 
144 115 3.2 23.4 68 
148 105 3.3 23.8 56 
152 100 3:2 24.0 58 
156 105 3.2 23.8 58 
160 115 3.1 23.4 60 
164 130 3.1 22.8 60 
168 145 3.1 22.4 50 
172 180 3.1 21.4 60 
176 . 228 3.2 20.6 58 
180 280 3.3 21.4 56 

FIGURE 5(C) 
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Amplifier Tuned for 
144—160-MHz Segment 
V Supply 13.6 Volts 


0 : i] 
142 144 146 148 150 152 154 156 158 160 162 
Frequency in MHz 


FIGURE 6. Frequency vs Collector Efficiency at 25-W Power 
Out, 142—176 MHz 


The power amplifier stages described will operate into a 
30:1 mismatch without damage. They will operate into 
a 10:1 mismatch without spurious generation, when run 
through a 0.5-dB insertion loss, low-pass filter. Pre- 
filter harmonics are greater than 25 dB down. 


This amplifier meets the physical and electrical con- 


Amplifier Tuned for straints of a reliable, 1ow-cost, 30-watt power amplifier 


160—175-MHz S : ; 
eect Saini that is easy to build and tune. It uses the highest possible 


ae ee gain distributions and yet retains substantial margins of 
a0 er a ea ee ae ee ee stability to ensure good performance in the field and 
160 162 164 166 168 170 172 174 176 178 180 minimal warranty costs. The need for elaborate VSWR 


PEED EY I AE shutdown circuits is virtually eliminated. 
FIGURE 7. Frequency vs Collector Efficiency at 25-W Power 


Out, 160—176 MHz 
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FIGURE 8. 1:1 Photomaster (Dots on Bottom View 
Indicate Rivet Placement) 
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225 MHz, 12.5 Vdc CHAPTER 10 


MRE 207 


Semiconductors MRF 208 


BOX 20912. Eaten e 85036 MRFE209 


NPN SILICON 
RF POWER 
TRANSISTORS 


MOTOROLA 


NPN SILICON RF POWER TRANSISTORS 


... designed for 12.5 Volt large-signal power amplifier applications 
in communications equipment operating at 220 MHz. 
© Specified 12.5 Volt, 220 MHz Characteristics — 
Output Power = 1.0 W — MRF 207 
10 W — MRF 208 
25 W — MRF 209 


Minimum Gain = 8.2 dB — MRF 207 
10 dB — MRF 208 
4:4 dB — MRF209 


® Balanced-Emitter Construction to provide the designer with the de- 
vice technology that assures ruggedness and resists transistor 
damage caused by load mismatch. 


4 A H 


yy, 4 > MRF208 
MRF 207 MRF 209 


MRF207 


SEATING 
PLANE 


G Pin 1 Emettes 
2. Base 
3. Collector 


MILLIMETERS 


MAXIMUM RATINGS 


| CRating =| Symbol [MRF 207|MRF208|MRF209 | Unit _| 
i eerareamenan a ee 
36 ———— 
MRF208 jt 
| Collector Current Continuous | tg | 0.4 | 20 | 40 | Adc MEE Z02" “ig! 
Total Device Dissipation @ T ¢ = 25°C(1) Een 3.5 37.5 50 
20 


Derate above 25°C 214 286 SEATING PLANE 


Storage Temperature Range -65 to +200 WRENCH ELAN: 
EMITTER . 
Stud Torque!2) | - j - | 65 fin. 2 ease 


EMITTER 
(1) These devices are designed for RF operation. The total device COLLECTOR 
dissipation rating applies only when the devices are Operated as 
RF amplifiers. | 
(2) For Repeated Assembly use 5 in. Ib. 


1454-09 


MRF207 ® MRF208 @ MRF209 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbot_[ Min | typ | Mex [ume 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = 5.0 mAdc, Ig = 0) MRF 207 
(Ic = 15 mAdc, Ig = 0) MRF 208 
(I¢ = 20 mAdc, Ig = 0} MRF 209 
| Collector-Base Breakdown Voltage 
(I¢ = 2.0 mAdc, Ig = 0) MRF 207 
(I¢ = 5.0 mAdc, Ie = 0) MRF 208 
(I¢ = 10 mAdc, IE = 0) MRF 209 
Emitter-Base Breakdown Voltage 
(le = 1.0 mAdc, I¢ = 0) MRF 207 
(le = 2.5 mAdc, lc = 0) MRF 208 
(Ie = 5.0 mAdc, ic = 0) MRF 209 
Collector Cutoff Current 
(Vop = 15 Vdc, te = 0) _ MRF 207 
’ MRF 208 
MRF 209 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) MRF 207 
(1¢ = 250 mAdc, Vcg = 5.0 Vde) MRF 208 
(I¢ = 500 mAdc, Vcg = 5.0 Vde) MRF 209 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Poyt = 1.0 W, f = 220 MHz) MRF 207 
(Voc = 12.5 Vdc, Pout = 10 W, f = 220 MHz) MRF 208 
(Voc = 12.5 Vdc, Poyt = 25 W, f = 220 MHz) MRF 209 


input |! mpedance 
(Pout = 1.0 W, f = 220 MHz) MRF 207 
(Pout = 10 W, f = 220 MHz) MRF 208 
(Pout = 25 W, f = 220 MHz) MRF 209 


Output Impedance 
(Pout = 1.0 W, f = 220 MHz) MRF 207 
(Pout = 10 W, f = 220 MHz) MRF 208 
(Pout = 25 W, f = 220 MHz) MRF 209 


220 MHz TEST CIRCUIT 
FIGURE 1 — MRF207 FIGURE 2 — MRF208, MRF209 


T FERRITE 
BEAD 


cl 2.0-50 pF ARCO 461 C1,C2,C3,C4 5.0-80pF ARCO 462 
C2,C4 5.0-80pF ARCO 462 C5, C6 100 pF 

C3 1.5-15 pF ARCO 460 C7 10 WF TANTALUM 
c5 “40 pF. C8 1000 pF 

C6 1000 pF u1 #14 AWG, 1%" Long, Straight 
C7 5.0 uF TANTALUM L2 1 Turn, £14 AWG, 3/8" 10 

L1 1 Turn, #20 AWG, 1/4” ID L3, L4 RFC VK200 


L2 4 Turns, #20 AWG, 1/41D 
L3, L4 15 uwH RFC 


(AA) MOTOROLA Semiconductor Products Inc. 
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MRF207 © MRF208 @ MRF209 


OUTPUT POWER versus INPUT POWER 
(Voc = 12.5 Vde, f = 220 MHz) 


FIGURE 3 — MRF207 


FIGURE 4 — MRF208 


ae 
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Nae 
Bem 
CNC 

cEtKE 
Ceo 


N 
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Pout, QUTPUT POWER (WATTS) 
[ow] 
co 


IN 
ak 


Pout, OUTPUT POWER (WATTS) 


0 20 40 60 80 100 
Pin, INPUT POWER (mW) Pin, INPUT POWER (WATTS) 


FIGURE 5 — MRF209 


Pour, QUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


FIGURE 6 — 220-MHz, 25-WATT AMPLIFIER 


Performance j , 12.5 Vde 
Response — Flat from ai pF ey 22 uF 
219 to 225 MHz 
Power Gain --- Greater than = 
24 dB 
Harmonics ~ 2nd -37 dB L? 
all others >-50 dB 
Efficiency - 50% aa 25 
wy, Watts 
100 mw MRF 209 
REC3 C8 
40 pF 
C2 C4 
1 1 Turn, #20, 1/4". 1D RFC1 VK200 Ferroxcube = 
L2 3 Turns, #20, 1/4"° |D RFC2 VK200 Ferroxcube C1 2.0-25 pF, ARCO 421 or equivalent 
L3 1/3 Turn, #16, 3/8"° ID RFC3 VK200 Ferroxcube C2,C3,C4 7.0-100 pF, ARCO, 423 or equivalent 
L4 1/3 Turn, #18, 1/4" 1D : C8 


Underwocd or equivalent capacitor which is capable of high 


L5 1 Turn, #20, 1/8" 10 current without undue heating. 


L6,L7 5 Turns, #20, 1/4" 1D 


AK) MOTOROLA Semiconductor Products tnc. 
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ime. 
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MOTOROLA 
Semiconductors | MRF225 


BOX 20512 s PHOENIX, ARIZONA 85036 


1.5 W — 225 MHz 
RF POWER 


NPN SILICON RF POWER TRANSISTOR TRANSISTOR 


.. designed for 12.5 Volt large-signal power amplifier applications NEN SILICON 
in communication equipment operating at 225 MHz. Ideally suited 
for Class E citizens band radio. 


@ Specified 12.5 Volt, 225 MHz Characteristics = 
| Output Power = 1.5 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% 
®© Characterized With Series Equivalent Large-Signal Impedarice 
Parameters 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range -65 to +200 


(1) These devices are designed for RF opération. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 


SEATING eae 
PLANE —-lL-o 


FIGURE 1 — 225 MHz TEST CIRCUIT SCHEMATIC 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


50 pF Dipped Mica 

1.5-20 pF ARCO 402 

4.0-40 pF ARCO 403 

100 pF Dipped Mica 

1000 pF UNELCO 

1.0uF 35 V Tantalum 

0.6 Inch #18 AWG. 

2 Turns x 0.25 inch (D0 #18 AWG 
Ferroxcube VK200 

2.2 LH Moided Choke 


Ali JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


am “Ft 


MRF225 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


[aaa mem eee eee RE, eee (ETE DO ie 1 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ig = 20 mAdc, Vg_E = 0) 


Emitter-Base Breakdown Voltage 
(le = 1.0. mAdc, Ic = 0) 


Collector Cutoff Current 
— (Vop = 18 Vde, le = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(tc = 100 mAdc, Vce = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 12 Vde, le = 0, f = 1.0 MHz) 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 1.5 W. Voc = 12.5 Vdc, f = 225 MHz) 


Collector Efficiency 
(Pout = 1.5 W, Voc = 12:5 Vide, f = 225 MHz) 


FIGURE 3 — SERIES EQUIVALENT IMPEDANCE 


SOS? J 
S sonattorcnanennt 
SSK OST 
SSS 


Pout, OUTPUT POWER (WATTS) 


25 60 75 100 128si«180s—«i175K—i(isi200—s«é2285 
Pi, INPUT POWER (mW) 


AA MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 


Semiconductors MRF226 


BOX 20912 4 PHOENIX, ARIZONA 85036 


mm The RF Line | | 


13 W — 225 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


. designed for 12.5 Volt large-signal power amplifier applications 
in communication equipment operating at 225 MHz. Ideally suited 
for Class E citizens band radio. 


@ Specified 12.5 Volt, 225 MHz Characteristics — 
Output Power = 13 Watts 
Minimum Gain = 9.0 dB 
Efficiency = 50% 
®@ Characterized With Series Equivalent Large-Signal !mpedance 
Parameters 


® Designed to Withstand Load Mismatch at all Phase Angles with 
20:1 VSWR 


MAXIMUM RATINGS 


Value 
eee ern eee 
[ Collector-Base Voltage | cp | 86 
OE I 
[25 


Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C (1) 

Derate above 25°C ne 
Storage Temperature Range ~65 to +200 es 
Stud Torque (2) a a ee 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as Class C RF amplifiers. 

(2) For repeated assembly, use 5 In. Lb. STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3.EMITTER 
4. COLLECTOR 


ial MILLIMETERS| INCHES | 


| MIN [MAX [| MIN | MAX | 
ra | 9.40 | 9.78 | 0.370 | 0.385 | 
ae 
ro | 546 | 597] 0.215 | 0.235 | 
re | 1.78] - [oo] - | 
pa} aoe ore {1003 [007 


reo nas] 7a wes OT 0.070 


FIGURE 1 — 225 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


C1,2,8,9 18 pF Chip Cap 50 V 0.15 ZH Molded Choke 

c3 15 pF UNELCO 0.15 x 3.15 inch Microstrip 
C4,5 80 pF UNELCO 0.15 x 0.55 inch Microstrip 
C6 25 pF UNELCO 0.15 x 1.4 inch Microstrip 
C7 7.0 pF UNELCO 0.15 x 2.35 inch Microstrip 
C10,12 680 pF Feedthru ALLEN BRADLEY 0.15 x 0.5 inch Microstrip 
C11 ss 4.0 MF, 35 V Tantalum Board is G10 3x 5 x 0.062 inch 
RFC 1,3 Ferroxcube VK200 En =5 . 


1N.A0 


MRF226 


[ Collector Emitter Breakdown Voltage ) 
(Ig = 15 mAdc, Ig = 0) 


Collector Cutoff Current 
(Vop = 15 Vde, le = 0) 


ON CHARACTERISTICS 


DC Current Gain | hee 
(Ic = 250 mAdc, V¢cg = 5.0 Vde) 
FUNCTIONAL TEST (Figure 1) 


| Common-Emitter Amplifier Power Gain 
(Pout = 13 W, Voc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 13 W, Vcc = 12.5 Vdc, f = 225 MHz) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — SERIES EQUIVALENT IMPEDANCE 


; EER 
H Voc = 12.5 Vde ZA 
{| 


Pout, QUTPUT POWER (WATTS) 


BRRREANE 
BERREELE 


rt am 
saucnaeseeeee 
' ArH ea cueeeee Hy 
ee ae Pr HT Ray, 


“0 0.5 1.0 15. 20 25 #4230 35 40 
P,, INPUT POWER (WATTS) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 


Semiconductors MRE227 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


3 W — 225 MHz 
RF POWER 


TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt large-signal power amplifier applications 
in communication equipment operating at 225 MHz. Ideally suited 
for Class E citizens band radio. 


® Specified 12.5 Volt, 225 MHz Characteristics — 
Output Power = 3.0 Watts 
Minimum Gain = 13.5 dB 
Efficiency = 60% 


® Characterized With Series Equivalent Large-Signal Impedance 
Parameters 


® Grounded Emitter TO-39 Package for High Gain and Excellent 
Heat Dissipation 


@ Replaces Medium Power Stud Mount Devices 


A 
B 
oe 
te 
en 
| —+ll—p 


=o 
e 


Q 


iN 
MAXIMUM RATINGS S 4 
AG res 
me anes 


Collector-Base Voltage 3. EMITTER 
Collector Current ~— Continuous ee ee 


Total Power Dissipation @ Tc = 25°C 5.0 Watts 
Derate above 25°C 28.5 mWw/°C 


Storage Temperature Range ~65 to +200 


m 
Ps] 


o|2 So) 
aio ojo Woo 
hNOTRNO wot | amd mith 
co} co md | md mien 

Q}O|S|9)9)2 

NO aQjoi—m 

ot GINO] OO 

o ni OS 


[2] S} 0} O} B}o0] co 
| Co] Go] | OO] cn) on w 
S319] GO] 00] COl Ga] su eo 


45° NOM 
0.100 TYP 
909 NOM 


2.54 TYP 
90° NOM 


[ MILLIMETERS, 
us| 
| A | 9.02 | 
Pe [8.00 | 
Pc [4.19 
p [0.43 | 
Pe [0.43 | 
SEs 01s 
PG [4.83 | 
Pa Or 
Ps [074 | 
PK | 12.70 | 
[wm | 45° NOM 
PN [2.54 TYP _| 
Ca | 90°Nom | 


CASE 79-03 


19-11 


MRF227 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(le = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = 15 Vde, Vee = 0, Tc = 55°C) 


Collector Cutoff Current 
(Vcp = 15 Vdc, tg = 0) 


ON CHARACTERISTICS 


OC Current Gain hee - 20 200 
(ic = 100 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 3-0 W, Vcc = 12.5 Vde, f = 225 MHz) 


Collector Efficiency 
(Pout = 3.0 W, Voc = 12.5 Vde, f = 225 MHz) 


FIGURE 1 — 225 MHz TEST CIRCUIT 


C1,C2,C3,C4 ARCO 420 

c5 1000 pF, UNELCO 

C6 0.047 pF, ERIE 

C7 1.0 pF, TANTALUM 

L1 #18 AWG, 1” Wire Length 
L2 VK200-4 Ferroxcube 


L3 1 Turn, #18 AWG, 1/4” ID x 
2’' Wire Length 


L4 0.15 WH DELEVAN Molded Choke 


Board — Glass Teflon, €m = 2.56, t = 0.062” 
input/Output Connectors — Type N 


(AA) MOTOROLA Semiconductor Products !nc. 
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MRF227 


FIGURE 2 — INPUT POWER versus OUTPUT POWER — 12.5 V 


a Fas a 0 ae 
EE aann 


a 40 

: ea e 

= V4 

w 3.0 Vcc = 12.5 Volts 

= = f= 225 MHz 

a. (Tuned @ 3 W out) 

—_ 

= ela 

a ee 

= 

low] 

fate ios 
sles ete aed ead ctecall 
0.02 0.1 0.2 0.3 

Pin, INPUT POWER (WATTS) 
FIGURE 3 — INPUT POWER versus OUTPUT POWER — 13.6 V FIGURE 4 — INPUT POWER versus OUTPUT POWER — 7.5 V 


5.0 


5.0 


Vcc = 7.5 Volts 
f= 225MHz 
(Tuned @ 1.5 W out) 


ppt = 

a SCE 
a 
= 
ie 
VA 


2.0 


Pout, OUTPUT POWER (WATTS) 


is 
>. 
Pout, QUTPUT POWER (WATTS) 
Att 
IN 


ra 


CCCP 
OCCT PRT 
COO 
COC 
cMinneae Y 
COPA 
or 

OES GSREH 

COON 


“Pn, INPUT POWER ae 


_ 
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RO 
o 
w 
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BO 
i] 
“ 


Pin, INPUT POWER (WATTS) 


FIGURE 5 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pin = 0.09 Watts 
f = 225 MHz 
(Tuned @ 3 W out) 


Vcc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 


(AA) MOTOROLA Semiconductor Products Inc. 


1in.1%92 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors 2N3866 


BOX 20912. PHOENIX, ARIZONA 85036 


1.0 W — 400 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


... designed for amplifier and oscillator applications in military and 
industrial equipment. Suitable for use as output, driver or pre-driver 
stages in VHF and UHF equipment. 


® Specified 400 MHz, 28 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 10 dB 
Efficiency = 45% 


® Large Signal Series Equivalent |!mpedances 


@ S-Parameter Characterization 


SEATING 
PLANE —~I+-D 


*MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate Above 25°C 


*Indicates JEDEC Registered Data- 


All JEDEC dimensions and notes apply. 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


CASE 79-02 
TO-39 


2N3866 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


Characteristic [Symbol [Min Max] Unit 
OFF CHARACTERISTICS 


allector: Emitter Sustaining Voltage 
(lg = 5.0 mAdc, Ig = 0) 

Collector-E mitter Sustaining Voltage 
(ic = 5.0 mAdc, Reg = 10 2) 


Emitter-Base Breakdown Voltage BVego 
(lg = 100 Adc, Ic = 0) 


mitter Cutoff Current 
(VBE = 3.5 Vde, Ic = 0) 


Collector Cutoff Current 
(Voce = 30 Vdc, Veg = -1.5 Vde (Rev.), Tce = 200°C) 


(VcE = 55 Vde, Veg =-1.5 Vde (Rev.) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 360 mAdc, VcgE = 5.0 Vde) aaa 
(Ic = 50 mAdc, Vcg = 5.0 Vde) 
(Ic = 100 mAde, Ig = 20 mAdc) 

DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) 


Output Capacitance 
(Veg = 28 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Pout = 1.0 W, f = 400 MHz) 


“Indicates JEDEC Registered Data. 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


RF 


RF Outputs 


inputs 


C1: 3.0-35 pF 
C2,C5: 8.0-60 pF 
C3: 12 pF 

C4: 1000 pF 


C6: 0.9-7.0 pF : : 
L1: Two turns #18 Wire, a 
1/4” 1D, 1/8” long _H 


L2: FERRI(TE RF Choke, 
One Turn, z = 450 Ohms 
L3,L4: RF Choke, 0.1 WH 
LS: 2-3/4 Turns, #18 Wire, 
1/4" 1D, 3/16" long — 
R1: 5.6 Ohms 


(S) MOTOROLA Semiconductor Products inc. 


a a ey 


2N3866 


FIGURE 2 — POWER OUTPUT versus 


FREQUENCY (Class C) 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


(SLLYM) H3MOd LAdLNO 29% 


= 15 Vde 


VCE 


ic, COLLECTOR CURRENT (mA) 


ft, FREQUENCY (MHz) 


FIGURE 5 — OUTPUT CAPACITANCE 


FIGURE 4 — COLLECTOR-BASE TIME CONSTANT 


N 
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= 
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* 


15 Vde 
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VCE 


(Sd) INVISNOO 3WIL 3SV8 ¥019397709 29,9 


Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 6 — OUTPUT POWER versus INPUT POWER 


SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 — 
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2N3866 


FIGURE 8 — LARGE-SIGNAL SERIES EQUIVALENT 
IMPEDANCES 
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FIGURE 9 — S11 AND S99 versus FREQUENCY 
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FIGURE 11 — S19 versus FREQUENCY 
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MOTOROLA 


Semiconductors 2N4428 


BOX 20912. PHOENIX, ARIZONA 85036 
The RF Line 


NPN SILICON RF POWER TRANSISTOR 


0.75 W — 500 MHz 
RF POWER 


TRANSISTOR 


NPN SILICON 


. . designed primarily for use in large signal VHF and UHF 
amplifier output stages in military and industrial communications 
applications. 


e Specified 28 Volt, 500 MHz Characteristics — 
Output Power = 750 mW 
Typical Gain = 10 dB 
Efficiency = 35% 


*MAXIMUM RATINGS 


Operating and Storage Junction — 
Temperature Range 


*Indicates JEDEC Registered Data. 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


MILLIMETERS | INCHES | 


FIGURE 1 — 500 MHz TEST CIRCUIT 


OUTPUT 


1.5-20 pF 50 OHMS 


(NPUT 
50 OHMS 


0.9-7.0 pF 


1000 pF 


+Vec ~ 


Lt — 1 TURN NO. 20 T.C. WIRE 1/4" 
DIA TAPPED AT CENTER 


VcE = 28 Volts 


All JEDEC dimensions and notes apply. 


Adjust R1 for i¢ = 70 mA with 
no RF Signal Applied CASE 79-02 


TO-39 


2N4428 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Symbot_ | in | typ | Max] unit 


OFF CHARACTERISTICS 
Collector-Emitter Sustaining Voltage BV CEO(sus) 35 Vde 
(tc = 20 mAdc, Ig = 0) 
Collector-Emitter Sustaining Voitage BVCE R(sus) — Vde 
(Ic = 20 mAdc, Ree = 10 ohms) 
Collector Cutoff Current ICEX mAdc 
(Vcge = 55 Vdc, VgE(on) = -1.5 Vde) 
Emitter Cutoff Current mAdc 
_ | (Veg = 3.5 Vdc, tc = 0) 
ON CHARACTERISTICS _ | 


DC Current Gain 
(1¢ = 50 mAdc, Vcg = 5.0 Vde) 


(tc = 400 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 

Current-Gain—Bandwidth Product fr 700 
(Ic = 50 mAdc, Vcg = 20 Vdc, f = 200 MHz) 

Output Capacitance Cob 1.2 3.5 
(Vcg = 28 Vdc, ig = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Power Input (Figure 1) 
(Pout = 750 mW, VcE = 28 Vdc, Rg = 50 Ohms, 
f = 500 MHz) 


Collector Efficiency (Figure 1) 
(Pout = 750 mW, Vce = 28 Vde, Rs = 50 Ohms, 
f = 500 MHz) 


“indicates JEDEC Registered Data. 


FIGURE 2 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 3 — OUTPUT POWER versus FREQUENCY 


~ 
wm 
i] 
oS 


500 


ft, CURRENT-GAIN-BANOWIDTH PRODUCT (MHz) 
Pout, OUTPUT POWER (WATTS) 


Ic, COLLECTOR CURRENT (mA) f, FREQUENCY (MHz) 


(AA) MOTOROLA Serniconductor Products Inc. 
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MOTOROLA 


Semiconductors 2N5160 


BOX 20912. PHOENIX, ARIZONA 85036 


The RE Line 


PNP SILICON RF POWER TRANSISTORS 


PNP SILICON 


AMPLIFIER 
TRANSISTOR 


... designed for amplifier, frequency multiplier or oscillator applica- 
tions in military and industrial equipment. Suitable for use as Class A, 
B, or C output driver, or pre-driver stages in VHF and UHF. 


e High Power Gain — Gpg¢ = 8.0 dB (Min) @ f = 400 MHz, 
14.5 dB (Typ) @ 175 MHz — No Emitter Tuning 


e Power Output — Poy = 1.0 Watt (Min) @ f = 400 MHz 
= 1.5 Watt (Typ) @ f = 175 MHz 
e Resists Burnout When Load is Shorted or Opened 
e Designed for Use in Complementary Circuits with 2N3866 


MAXIMUM RATINGS 


Symbol Unit 
Collector-Emitter Voltage rk eS 
0 


VcEO. 
le | 04 | 
J’ T ste 


TRIS 
H STYLE 1: 
PIN 1. EMITTER 
2. BASE 


3. COLLECTOR 


V 
V 
V 
A 


di 
d 
d 
d 


40 
4.0 
Collector Current | fn te .4 
Total Device Dissipation @T, = 25°C 5.0 Watts 
Derate above 25°C 28.6 mw/°C 
Operating and Storage Junction T -65 to +200 " 
Temperature Range 


c 
c 
c 
c 
Cc 


Oo 
Ww 
ow 
an 


oejoysoyes|e ies 
Dj jho —1O INO 
Plot NO ROTC 
OlF[(O nl—|o 


Alt JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 
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2N5160 


ELECTRICAL CHARACTERISTICS (14 = 25°C unless otherwise noted) 


= Omri 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(L, = 5.0 mAdc, I. = 0) "YcEo(sus) 
Cc B 
Emitter-Base Breakdown Voltage 
(i, = 0.1 mAdc, Io = 0) 


Collector Cutoff Current 
(Vor = 28 Vdc, I, = 0) 


Collector Cutoff Current CES 
(Vag = 60 Vac, V,,,, = 0) ; a 


Collector Cutoff Current 
(Von = 28 Vdc, I. = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(I, = 50 mAde, V,,, = 5.0 Vdc) 


CE 
DYNAMIC CHARACTERISTICS 


Current-Gain-—Bandwidth Product 
(I, = 50 mAdc, Vor = 15 Vdc, f = 200 MHz) 
Collector-Base Capacitance 
(Vop = 28 Vdc, I. = 0, f = 0.1 to 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vor = 28 Vdc, Pat 0.16 Watt, f = 400 MHz) 


(V. = 28 Vdc, Pe 50 mW, f = 175 MHz) 


CE 


- Power Output 
(Vor = 28 Vdc, Pin = 0.16 Watt, f = 400 MHz) 


(Vog = 28 Vde, P, = 50 mW, f = 175 MHz) 


| Collector Efficiency 
(Vor = 28 Vdc, P. = 0.16 Watt, f = 400 MHz) 


Cy — 10 pF Cg — 0.01 pF 

C2, C3, C4, C5 — 1.0 — 10 pF variable Ly — 30 nH, 1 turn, No. 20 AWG 
Cg — 2400 pF feed through Lo — 75 nH, 3 turns, No. 20 AWG 
C7 — 0.004 F L3 - 0.33 pH, R.F.C. 


(M\) MOTOROLA Semiconductor Products inc. 
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2N5160 


FIGURE 2 — POWER OUTPUT FIGURE 3 — POWER OUTPUT 
versus FREQUENCY versus POWER INPUT 
er yr Ns oN VoE=28V 
ee a eee mS 


ia a 
CNS 
eae aot eee SEN ie 
EPEC <a sheep hid 
ea a a SNCS 
oe FEES 


aod oat (ee PING 
Soe 1 GH SB 
fe esa es et ede sve a Ee 
a Paes aera Ses 
fat et tet ppb 
ocala cl ual tel BES 


0.5 


Pout POWER OUTPUT (WATTS) 


Pout, POWER OUTPUT (WATTS) 


0 Sas ES SI Ss RS 
100 150 200 250 300 400 
f, FREQUENCY (MHz) P; fe POWER INPUT (mW) 
FIGURE 4 — PARALLEL INPUT FIGURE 5 — PARALLEL INPUT 
IMPEDANCE versus FREQUENCY IMPEDANCE versus FREQUENCY 


100(—~“\ Se 


fe 
IMAGINARY IMPEDANCE (QHMS) 


REAL IMPEDANCE (OHMS) 


So 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 

FIGURE 6 — PARALLEL OUTPUT | FIGURE 7 — CURRENT-GAIN—BANDWIDTH 

CAPACITANCE versus FREQUENCY PRODUCT versus COLLECTOR CURRENT 
20 a 
Shor ok Peet a = 
Sa A PSS eta me — Voe=28V — 28V © 
oer Dew See eo 5 
=. 
15] |_| o 
ee Bi Sseciessereertiie z 
: SS —_ : 
= a ae = 
Esp St GS 
Gc Sg Ge (a(S ek SS a = 
oes aa EN Ca en ia 
a ee al i Os SS ae ee = 
en ae St = 
= aoe = 


00 150 200 250 300 400 
f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mA) 


MOTOROLA Semiconductor Products inc. 
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- 2N5160 
FIGURE 8 — 2N5160 300-MHz COMPLEMENTARY POWER OUTPUT CIRCUIT 


O +56 V 


T 470 pF i 0.001 pF 


2N5160 


150 nH 


COUPLING 
CAP 


1.0-10pF 1.0 - 10 pF 


4 2N3866 


38 nH 


FIGURE 9 — COMPLEMENTARY CIRCUIT — POWER OUTPUT versus POWER INPUT 


f = 300 MHz -— 


: 
\. 
\ 


HUE NT 
LENT 


a 
on 
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ae 
ad 
= 
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— 
ee 
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Pout POWER OUTPUT (WATTS) 


Pi, POWER INPUT (mW) 


MOTOROLA Semiconductor Products inc. 
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MOTOROLA sonia 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


60 W — 225—400 MHz 


CONTROLLED ‘'Q” 
BROADBAND RF POWER 
TRANSISTOR 


... designed primarily for wideband large-signal output amplifier NPN SILICON 


stages in the 225400 MHz frequency range. 
® Guaranteed Performance in 225—400 MHz Broadband Amplifier 


@ 28 Vdc 
Output Power = 60 Watts over 225-400 MHz Band 


Minimum Gain = 7.8 dB @ 400 MHz 


© Built-In Matching Network for Broadband Operation Using 
Double Match Technique 


@ 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 


@ Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 


Collector-Emitter Voltage VcEO f vde | 
Collector-Base Voltage | VcBo | 60 | de 


Total Device Dissipation @ Tc = 25°C (1) Pp 
_Derate above 25°C 


[symter [vane] 


Storage Temperature Range 


STYLE 1: 

. PIN 1. EMITTER 
THERMAL CHARACTERISTICS 2. COLLECTOR 

= ; 3. EMITTER 


Characteristic 


4. BASE 
FLANGE-ISOLATED 


Thermal Resistance, Junction to Case 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


CASE 316-01 
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2N6439 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
[hareeteriates Syne in te a 


OFF CHARACTERISTICS 
Colleeror Emitter Breakdown Voltage 
! (I¢ = 50 mAdc, Vge = 0) 


(te = 5.0 mAdc, Ic = 0) 

ie 30 Vdc, Ie = 0) 
ON CHARACTERISTICS 
| DC Current Gain 

(I¢ = 1.0 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 
BROADBAND FUNCTIONAL TESTS (Figure 6) 
Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Poy: = 60 W, f = 225—400 MHz) 
Electrical Ruggedness 


(Pout = 60 W, Vcc = 28 Vdc, f = 400 MHz, VSWR 30:1 
all phase angles) 


NARROW BAND FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Poy; = 60 W, f = 400 MHz) 
Collector Efficiency 

(Vcc = 28 Vdc, Pout = 60 W, f = 400 MHz) 


FIGURE 1 — 400 MHz TEST AMPLIFIER (NARROW BAND) 


cs . 
= L2 C4 


c5 q : ‘ 9 
C1. L1 
C c7 c3 C1—C4,C11 4—40.pF 
ik ie c5—C8 33 pF 
o =. C9 1000 pF 
a? ce =." C10 5.0 uF 
R1 15 2 
L1, L2 3/16" x 1°’ Copper Strap 
— = L3 1.5 WH 
L4 10 BH 
L5 1 Turn #16 AWG, 5/16” 1.D. 


MOTOROLA Serniconductor Products ine. 
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2N6439 


BROADBAND DATA (Circuit, Figure 6) 


FIGURE 2 — POWER GAIN versus FREQUENCY FIGURE 3 — EFFICIENCY versus FREQUENCY 


EFFICIENCY (%) 


Gpe, POWER GAIN (dB) 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 4 — INPUT VSWR versus FREQUENCY FIGURE 5 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 


oad 
OF REFLECTION COEFFICIENT 


225 


+225 


* 


INPUT VSWR 


Zin 
OHMS 
0.7 +j1. 

2.2 + j2.14 2.1 - j0.1 


1.2 + j0.6 | 2.0 + j0.2 
0.5 +j1.6/ 1.9 + j0.9 


f, FREQUENCY (MHz) 
FIGURE 6 — 225—400 MHz BROADBAND TEST CIRCUIT SCHEMATIC 
R1 


B 
e 
L1 “L2 
A 
nd 
[50 Lin 
<a— 0,8’ —e _ f | 
| c5 san ae 
C3 
C2 C4 C6 Cc? 
‘. 
L3 R2 C17 ale 
C1 68 pF RFC1 Ferrite Bead Choke, Ferroxcube VK200 19/48 
C2,C4,C8,C10 27 pF 8B Ferroxcube 56-590-65/4B Ferrite Bead 
c3, C5, C11 10 pF ; Ti, T2 25 Ohms (UT25) Miniature Coaxial Cable, 7 turn 
c6, C7 51 pF R1 112,14W 
cg 1—10 pF JOHANSON R2 20 £2,1/4W 
C12 100 pF 1 10 Turns, #22 AWG, 1/8" 1.0. 
c1i3,C15 680 pF L2 4 Turns, #16 AWG, 1/4" 1.D. 
C14, C16 1.0 uF, 35 V Tantalum L3 6 Turns, #24 AWG, 1/8" |.D.' 
Ci7 0.1 uF, ERIE Red Cap L4,L5 1°’ x 0.25" Microstrip Line 


Board Material 0.031" Thick Teflon-Fiberglass 


(A) MOTOROLA Semiconductor Products inc. 
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2N6439 


NARROW BAND DATA 


FIGURE 7 — Pout versus FREQUENCY 


FIGURE 8 — OUTPUT POWER versus INPUT POWER 


3] (31 | Bl 
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WL 


(SLLVM) H3MOd LNdino °° 
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FIGURE 10 


FIGURE 9 — POWER-GAIN versus FREQUENCY 


(@P) NIVS Y4MOd 


HaldITdWV Y3LLIW3-NOWNOD ‘349, 


Voc, SUPPLY VO ae (VOLTS) 


f, FREQUENCY (MHz) 


FIGURE 11 — OUTPUT POWER versus SUPPLY VOLTAGE 


BRRREENNEE: 
BERSEEKUEE 
BRERRRRNNE: 
BERRREANE) 
FILLET tll. 


(SLLVM) H3MOd LNdLNO a0, 


Vcc, SUPPLY VOLTAGE (VOLTS) 


MOTOROLA Semiconductor Products Ine. 
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MOTOROLA MRF313 


MRF313A 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The REF Line 


1.0 W — 400 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 
NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for wide band amplifier, driver or oscillator applications 
in military, mobile, and aircraft radio. ; betes MRF313A 
| CASE 305-01 


® Specified 28 Volt, 400 MHz Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 15 dB 
Efficiency = 45%. 


1 
t 


@ Emitter Ballast and Low Current Density for Improved MTBF 


@ Common Emitter for |mproved Stability 


8-32 UNC 2A 
WRENCH FLAT 


0.640 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


_ § 
(=) 
S 
~ 


MAXIMUM RATINGS 


Ce ig eel va ae 
[~Sollecior = Emer Voltage | Veeg | 30.4 Ve 
[Collector = Base Vortage | Veg | 40) vee J 
[Emitter = Base Voltage (| Vego | 30 | Vvae 


Total Device Dissipation @ Tc = 25°C 
-Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic . 
| Thermal Resistance, Junction to Case 


MRF313 
CASE 305A-01 


STYLE 1 
PIN 1. EMITTER 

2. BASE 

: aR a | 0.055 {| 0.065 

- COLLECTOR 102 [1 0.040 | 0.050 

: 0.025 | 0.035 | 

0.003 | 0.007 
0.435]  - 


45° NOM 
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MRF313 © MRF313A 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 
[Characteristic ——=S~S~SCSS«SS mb Mind 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Vee = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdc, te = 0) 
Emitter-Base Breakdown Voltage 
(ig = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current . 
(VcE = 20 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 20 | iso | 
(Ic = 100 Adc, Veg = 10 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(Ic = 100 mAdc, Vcg = 20 Vdc, f = 200 MHz) 
Output Capacitance 

(Veg = 28 Vdc, le = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain!1) Gpe 15 a Sa ee 
(Voc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 

Collector Efficiency pe : n ~ 45 , 

Series Equivalent Input Impedance Zin 6.4-j4.8 Ohms 

Series Equivalent Output Impedance Zout _ 75-j45 Ohms 

| (Vcc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 


(1) Class C 


FIGURE 1 — 400 MHz POWER GAIN TEST CIRCUIT 


RF Output 


C1,C2,C4 1.0-20 pF JOHANSON 9063 L1,L3 5 Turns, AWG #20, 4" 1.D. 
C3 1.0-10 pF JOHANSON L2 Ferrite Bead, FERROXCUBE R 4.7 Ohms, %W 
C5 150 pF Chip , No. 56-590-65/4B Z1 2.0 x 0.1'° MICROSTRIP LINE 
C6 0.1 uF t4 FERROXCUBE VK200-20/48 22,23 2.6"'x 0.1" MICROSTRIP LINE 
C7,C8 680 pF Feedthru Input/Output Connectors — Type N 
C9 1.0 HF TANTALUM Board — Glass Teflon, € = 2.56, t= 0.062” 


(AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal driver and predriver 
amplifier stages in the 200—500 MHz frequency range. 


® Guaranteed Performance at 400 MHz and 28 Vdc 
Output Power = 10 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


@ 100%.Tested for Load Mismatch at All Phase Angles with 
30:1 VSWR 


® Gold Metallization System for High Reliability 


@® Computer-Controlled Wirebonding Gives Consistent 
Input Impedance 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 
— Peak 


Total Device Dissipation @ Ta = 25°C (1) 
_Derate above 25° 


Cc 
Storage Temperature Range 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


THERMAL CHARACTERISTICS 
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MRF 321 


10 W — 400 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


\ SEATING “Eh 
PLANE 


| 


{= 1 


et 
_U 


oo aaa 


STYLE 1: 
PIN 1. EMITTER 
2, BASE 
3. EMITTER 
4. COLLECTOR 


MILLIMETERS| — INCHES 


_] MAX [MIN | MAX | 
[2 | o2r8 0.286 


65 [ 0.055 | 0.065 
eo DURE] 
0.18 | 0.003 | 0.007 


“0436 ] 
alt. ry NOM 


25 | 0.116 | 0.128 
‘78 | 0.055 | 0.070 


CASE 244.04 


MRF321 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Symbol | ___Min | Tye | Max | Unt 


OFF CHARACTERISTICS 


ON CHARACTERISTICS 


DC Current Gain FE 20 
(I¢ =500 mA, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS (FIGURE 1) 
Common-Emitter Amplifier Power Gain 

(Vcc = 28 Vdc, Pout = 10 W, f = 400 MHz) 
Collector Efficiency 

(Vcc = 28 Vdc, Pout = 
Load Mismatch 

(Vcc = 28 Vde, Pout = 

all phase angles) 


10 W, f = 400 MHz) 


Z1 Z2 


Input 


ci C2 


C3 


10, f = 400 MHz, VSWR = 30:1 


— 


3 


c4 


No Degradation in Output Power 


C6 


Li — 0.33 WH Molded Choke with Ferroxcube Bead 
(Ferroxcube 56-590-65/4B) on Ground End of Coil 
C1, C2, C3 — 1.0—20 pF Johanson Trimmer (JMC 5501) L2 — 4 Turns #20 Enamel, 1/8" 1D 
C3, C4 — 47 pF ATC Chip Capacitor L3 - 6 Turns #20 Enamel, 1/4’ ID 
C5, C10 — 0.1 uF Erie Redcap L4 — Ferroxcube VK200-19/4B 
C7 — 0.5—10 pF Johanson Trimmer (JMC 5201) Z1 — Microstrip 0.1" Wx 1.35" L 
C8 — 0.018 HF Vitramon Chip Capacitor 22 — Microstrip 0.1% Wx 0.55" L 
C9 — 200 pF UNELCO Capacitor Z3 — Microstrip 0.1" Wx 0.8L 
CV), 12680 er reestir Z4 — Microstrip 0.1% Wx 1.757 L 
C13 — 1 uF, 50 Volt Tantalum Capacitor 
D1 — 1N4001 


R11 — 5.1 922, 1/4 Watt Board — Glass Teflon, €, = 2.56, t = 0.062" 
R2 — 1290 22, 1 Watt 
: Input/Output Connectors — Type N 
R3 — 20 2, 1/2 Watt Ree ae ve 
R4— 47 22, 1/2 Watt "Transistor Under Test 


MOTOROLA Serniconductor Products inc. 
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MRF321 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 


(SLLWM) HIMOd LNd ino Pg 


Pin. INPUT POWER (mW) 


f, FREQUENCY (MHz) 


FIGURE 5 — POWER GAIN versus FREQUENCY 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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MRF321 


FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors 


BOX 2091246 PHOENIX, ARIZONA 85036 


The RE Line 


20 W — 400 MHz 


RF POWER 


NPN SILICON RF POWER TRANSISTOR 
TRANSISTOR 


... designed primarily for wideband large-signal driver and predriver NPN SILICON 


amplifier stages in the 200-500 MHz frequency range. 


@ Guaranteed Performance at 400 MHz and 28 V 
Output Power = 20 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 
100% Tested for Load Mismatch at all Phase Angles with 
30:1 VSWR 


Gold Metallization System for High Reliability 


Computer-Controlled Wirebonding Gives Consistent Input 
Impedance 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBo 


Emitter-Base Voltage 


S SEATING st Cc 


PLANE 
t 


Collector Current — Continuous 
— Peak 


Watts 
mWw/°C 
STYLE 1: 

PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


THERMAL CHARACTERISTICS 


MIN | MAX 
.278 | 0.286 


Symbol 
Thermal Resistance, Junction to Case RéeJc 
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Mm 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS . 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(ig = 2.0 mAdc, ic = 0) 


ON CHARACTERISTICS 


OC Current Gain 
(Ie = 1.0 Adc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 

(Voc = 28 Vdc, Poyt = 20 W, f = 400 MHz) 
Collector Efficiency 

(Voc = 28 Vdc, Pout = 20 W, f = 400 MHz) 


Load Mismatch 


(Vcc = 28 V, Pout = 20 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1 all phase angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


C6 C7 


cs 
C1 c2 iA C3 c4 
C1, C2, C6 — 1.0-20 pF Johanson Trimmer (JMC 5501) L2 —6 Turns #20 Enamel, %"’ 1D, Closewound 
C3, C4 — 47 pF ATC Chip Capacitor L3 — 4 Turns #20 Enamel, 1/8”' 1D, Closewound 
C5, C8 — 0.1 uF Erie Redcap L4 — Ferroxcube VK200 — 19/4B 
C7 — 0.5-10 pF Johanson Trimmer (JMC 5201) 21 — Microstrip 0.1’. Wx 1.357" L 
cg, C10 — 680 pF Feedthru Z2 — Microstrip 0.1°°W x 0.55”7 L 
C11 — 1.0 uF 50 Volt Tantalum Z3 — Microstrip 0.1".Wx 0.8" L 
C12 -- 0.018 uF Vitramon Chip Capacitor Z4 — Microstrip 0.1°°W x 41.75” L 
R1— 5.12 1/4 Watt Board — Glass Teflon GR = 2.56 t = 0.062” 
L1— 0.33 uwH Molded Choke with Ferroxcube Bead Input/Output Connectors — Type N 
(Ferroxcube 56-590-65/4B) on Ground End *Transistor Under Test 


(M) MOTOROLA Semiconductor Products inc. 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors MRF 325 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RE Line 


30 W — 225-400 MHz 
CONTROLLED “Q” 


BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signa! output and driver 


amplifier stages in the 100-500 MHz frequency range. NPN SILICON 


@ Specified 28 Volt, 400 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 8.5 dB 
Efficiency = 54% (Min) 

@ Built-In Matching Network for Broadband Operation 
Using Internal Matching Techniques 


@® 100% Tested. for Load Mismatch at all Phase Angles with 30:1 
VSWR 


® Goid Metallization for High Reliability Applications 


MAXIMUM RATINGS 


Collector-Emitter Voltage ; 


Collector Current — Contjnuous 
— Peak 4.5 
Total Device Dissipation @ Tc = 25°C (1) IS Watts 
Derate above 25°C 0.47 w/°c 


STY!'E1: 
PIN 1. EMITTER 

2. COLLECTOR 

3. EMITTER 

4. BASE 
FLANGE-SOLATED 


THERMAL CHARACTERISTICS 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 
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ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter, Breakdown Voltage 


BVCEO 33  Vde 
(Ic = 30 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage BVCcES Vde 
(Ic = 30 mAdc, VgeE = 0) 
Emitter-Base Breakdown Voltage . BVEBO Vde 
(Ile = 3.0 mAdc, Ic = 0) 
Collector-Base Breakdown Voltage BVcCBO Vde 
(I¢ = 30 mAdc, Ie = 0) 
Coilector Cutoff Current . ICBO 3.0 _ mAdc 
(Vcp = 30 Vdc, Ie = 0) . 


ON CHARACTERISTICS 


DC Current Gain 
(t¢ = 1.5 Adc, Vee = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vdc, Poy; = 30 W, f = 400 MHz) 


Collector Efficiency 


(Voc = 28 Vdc, Poyt = 30 W, f = 400 MHz) 
Load Mismatch 

(Vec = 28 Vde, Pout = 30 W, 

f = 400 MHz, VSWR = 30:1 all angles) 


No Degradation in Output Power 


FIGURE 1 — 400 MHz TEST CIRCUIT 


C11 C14 
O O © © O + Vcc 
+ + = 28 Vdc 
C10 ‘i C12 7 C13 ‘i ‘i 
~ 4 “12 : = . ~ ~ 
C8 . 
TUT RF 
C2 3 Output 


RF 
Input “CO 


C1 C3 = se cé 3 | C7 cg 


C1, C9 — 1.0—10 pF Johanson Capacitor (JMC 5201) 

C2, C3, C6, C7 — 1.0—20 pF Johanson Capacitor (JMC 5501) 

C4, C5 — 36 pF ATC 100-mil Chip Capacitor 

C8 — 100 pF UNELCO 

C10, C13 — 1.0 uF 50 V Tantalum 

C11,C14 — 680 pF Feedthru 

C12 — 0.1 uF Erie Redcap 

L4 —8 Turns #26 AWG Enameled, 1/16" 1D Closewound 
with Ferroxcube Bead (#56-590-65/4B) on Ground End 


L2 — 14 Turns, #22 AWG Enameled, Closewound on a 470 32, 
2 Watt Resistor with Ferroxcube Bead (#56-590-65/4B) 
on Cold End of L2 . 

L3 — Ferroxcube VK 200-19/4B8 Ferrite Choke 

21 — Microstrip 0.19’°W x 0.88" L 

Z2 — Microstrip 0.28 Wx 1.0" L 

Z3 — Microstrip 0.31" Wx 1.25" L 

Board — Glass Teflon GR = 2.56, t = 0.062” 

Input/Output Connectors ~ Type N 


TUT Socket Lead Frame Etched from 80-mil-Thick Copper 
“Transistor Under Test 
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FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed primarily for wideband large-signal output amplifier 
stages in the 100-500 MHz frequency range. 


® Guaranteed Performance @ 400 MHz, 28 Vdc 


Output Power = 40 Watts 
Minimum Gain = 9.0 dB 


@® Built-In Matching Network tor Broadband Operation 


@ 100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 


@ Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Symbol 
Vceo Vde 
| 60 | Ve 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current —.Continuous 
Peak 


Total Device Dissipation @ Tc = 25°C (1) 


' 110 Watts 
Derate above 25°C | | 0.63 w/°C 
Storage Temperature Range -65 to +200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 1.6 Sc jw 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


11-30 


MRF326 


40 W — 225—400 MHz 
CONTROLLED “Q” 
BROADBAND RF POWER 
TRANSISTOR 


NPN SILICON 


i 


ca eee 
i | 


Hose 
ce 


ee 


STYLE 1: 
PIN 1. EMITTER 
2.CQLLECTOR 
3. EMITTER 
4. BASE 
FLANGE ISOLATED 


MILLIMETERS| INCHES 


CASE 316-01 


MRF326 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted} 


Symboi_[ Win [Tye [Max [Unie |] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
— (le = 40 mAdc, Vege = 0} 


ON CHARACTERISTICS | 


DC Current Gain hee 20 50 
(Ic = 2.0 Adc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 

Output Capacitance 
(VcB = 28 Vdc, Ie = 0, f = 1.0 MHz) 

FUNCTIONAL TESTS (Figure 1) 

Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Pout = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) 

Collector Efficiency 
(Voc = 28 Vde, Poyt = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) 

Load Mismatch No Degradation 
(Voc = 28 Vde, Poy = 40 W CW, f = 400 MHz, in Power Output 
VSWR = 30:1 all phase angles) 


L2 
R3 C11 . 
+ 28 Vdc 
C13 = C107 — 
. T ois toot 
EA C7 
. 2s | 24 RF Output 
RF Oe oo ’ 
Input ow, 
= i L4 = 
C1 C2 c3 C5 C6 cs 
C4 R2 

= = = = = << ‘ae = = 
Ct — 1.0~10 pF Johanson, Capacitor (JMC 5201) L3— 8 Turns +20 AWG Enameled, 1/4'' 1D Closewound 
C2, C3, C6, C8 — 1.0-20 pF Johanson Capacitor L4 — 4 Turns #26 AWG 0.1"° 1D 
C4, C5 —- 36 pF ATC "B" Style Chip Capacitor R1 — 10 Ohm 2.0 W Carbon 
C7, C9, C13 — 100 pF UNELCO Capacitor R2, R3 — 10 Ohm 1.0 W Carbon 
Ci1— 680 pF Feedthru Z1— Microstrip 0.19°° Wx 71.287 L 
c10 —- 1.0 uF 50 V Tantalum Z2 -- Microstrip 0.28°' W x 1.0°' Lo 
C12 — 0.1 uF Erie Redcap Z3 — Microstrip 0.31" Wx 1.0" L 
L1— 8 Turns #26 AWG Enameled, 1/16"' 1D Closewound 24 — Microstrip 0.31''W x 0.9" L 
L2, L5 — Ferroxcube VK 200- 19/4B Ferrite Choke ; Board — Glass Teflon €m = 2.56 t = 0.062” 


Input/Output Connectors — Type N UG58 A/U 


(M) MOTOROLA Semiconductor Products inc. 
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FIGURE 3 — OUTPUT POWER versus SUPPLY VOLTAGE 


f = 225 MHz 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


(SLLUM) H3MOd LNding 27% 
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Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 5 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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MOTOROLA 


Serniconductors MRF327 


BOX 20912 +6 PHOENIX, ARIZONA 85036 


The REF Line 


NPN SILICON RF POWER TRANSISTOR 


80 W — 100-500 MHz 


~ CONTROLLED “Q” 
BROADBAND RF POWER 
TRANSISTOR 


... designed primarily for wideband large-signal output amplifier NPN SILICON 
stages in the 100-500 MHz frequency range. 


® Guaranteed Performance @ 400 MHz, 28 Vdc 
Output Power = 80 Watts over 225—400 MHz Band 
Minimum Gain = 7.3 dB @ 400 MHz 


@ Built-in Matching Network for Broadband Operation Using 
Double Match Technique 


100% Tested for Load Mismatch at all Phase Angles 
with 30:1 VSWR 


Gold Metallization System for High Reliability Applications 
Characterized for 100—500 MHz 


MAXIMUM RATINGS 


Collector-Base Voltage VCBO | 60 de 
Emitter-Base Voltage VEBO 
dc 


Collector Current — Continuous 
— Peak 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


fia MILLIMETERS{ INCHES | 
| MIN | MAX | MIN | 


MAX 

|__| 24.38 [25.15 | 0.960 | 0.990 
| B { 12.45/12.95 | 0.490 | 0.510 | 
YC {| 597 [ 7.62 [| 0.235 | 0.300 | 
| D | 5.33{ 559 | 0.210 | 0.220. 
| F [ 5.08] 533 | 0.200 | 0.210 | 
ig. 29 11864 10720 10730 


Symbol 
Thermal Resistance, Junction to Case Resc 


(1) These devices are designed for RF operation. The total device dissipation rating 
applies only when the devices are operated as RF amplifiers. 


L 


CASE 316-01 
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ELECTRICAL CHARACTERS C (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 80 mAdc, ig = 0) 

Collector-Emitter Breakdown Voltage BVCES 
(1c = 80 mAdc, Veg = 0) 


Emitter-Base Breakdown woltete 


(Ie =8.0 mAdc, Ic = 0) 
Collector-Base Breakdown Voltage 
. (le = 80 mAdc, ic = 0) 
Collector Cutoff Current 
(Vcp = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 28 Vdc, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 Vdc, Poy, = 80 W, f = 400 MHz) 
Collector Efficiency 


(Voc = 28 Vde, Pout = 80 W, f = 400 MHz) 


Load Mismatch 
(Vcc = 28 V, Pout = 80 W, f = 400 MHz, VSWR 30:1 No Degradation in Output Power 
all phase angles) 


FIGURE 1 — 400 MHz TEST CIRCUIT 


R2 
O O O e O + 
L2 
C12 C13 28 Vdc 


L4 
t? Rl C11 


= — RF 
: c10 Output 
RF 
Input 
fet C6 C7 cs : c9 
Ct C2 (j c3 sha 
C1, C2, C7, C8, C9 — 1.0-20 pF Piston Trimmer (Johanson JMC 5501) L4 —6 Turns #20 AWG Enameled, 3/16” ID Closewound 
C3, C4 — 36 pF ATC 100 mil Chip Capacitor L5 — 4 Turns #22 AWG Enameled, 1/8"' 1D Closewound 
C5, C6 — 43 pF ATC 100-mil Chip Capacitor 21 — Microstrip 0.2° Wx 1.57 L 
C10 — 100 pF UNELCO 22 — Microstrip 0.17°° Wx 1.16” L 
C11, C15 — 0.1 uF Erie Redcap Z3 — Microstrip 0.17’°W x 0.637 L 
C72, C13 — 680 pF Feedthru R1,R2 — 10822 2 Watt 
C14 — 1.0 #F 50 V Tantalum Board — Glass Teflon GR = 2.56, t = 0.062” 
L1 — 4 Turns #22 AWG Enameled, 3/16” ID Closewound with Ferroxcube Input/Output Connectors Type N 
Bead (#56-590-65/4B) on Ground End of Coil T.U.T. Socket Lead Frame Etched from 80 mii Thick Copper 
L2 — Ferroxcube VK200-19/48 Ferrite Choke “Transistor Under Test 


L3 — 7 Turns #18 AWG, 11/16” Long, Wound on a 100 Kn 2 Watt Resistor 


(A) MOTOROLA Semiconductor Products Inc. 
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FIGURE 3 — OUTPUT POWER versus FREQUENCY 


FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 7 — SERIES EQUIVALENT INPUT-OUTPUT IMPEDANCE 
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MOTOROLA 


Semiconductors 


RIX 209124. PHOENIX, ARIZONA 85036 


The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


... designed for amplifier, frequency multiplier, or oscillator ap- 
plications in military and industrial equipment. Suitable for use as 
output, driver or predriver stages in VHF and UHF applications. 


@ 2N3866 — Packaged for Stripline Designs 


@ High Power Gain @ 400 MHz 
Gpe = 10dB @ Vcc = 28 Vdc 


MAXIMUM RATINGS 


[Rating i Symbot[Vaoe ‘Unit 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Total Device Dissipation 


@Tc= 25°C 


Derate Above 25°C 


C1, C2, C4 
C3 

C5, C6 

c7 

ca 

R 


1.0-20 pF (Johanson 9063) 
0.1 uF 

680 pF Feedthru 

150 pF Chip 

1.0 uF Tantalum 

4.7 Ohms, 1/4 W 


_ Board 
‘Material 


2.0" x 0.1" Strip 

§.3" x 0.1" Strip 

5 T AWG #20, 1/4" 1.D. 
Ferroxcube VK 200 
Ferroxcube Bead 5L-590-65 
MRF509 


1/16’ Teflon-F ibergliass, 
€, = 2.5 
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1 W — 400 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


Bee 


el 


orn MULLIMETERS | INCHES 
| min [Max | MIN | MAX | 
[a [7.06 [7.26 [0.278 | 0.286 | 
Pe {294 [3.45 [0.112 [0.136 | 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


NOTES: 
1. DIM “N” IS FROM DIA “A” TO ANGLE "V” 


CASE 323-01 


MRF509 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[Characins «dC mot nto ee Un] 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage BVCEO 30 Vdc 
(Ic = 5.0 mAdc, fg = 0) 
Collector-Emitter Breakdown Voltage BVcER 55 Vdc 
(Ic = 5.0 mAdc, Regge = 10 2) 
Coliector-Base Breakdown Voltage BVcBO 55 Vde 
{i¢ = 0.1 mAde, Ie = 0) 


Emitter-Base Breakdown Voltage BVEBO 3.5 Vde 
(le = 0.1 mAdsc, I¢ = 0) 

Collector Cutoff Current ICEO 0.02 mAdc 
(VcE = 28 Vdc, tg = 0) 


ON CHARACTERISTICS 


DC Current Gain hrEe 30 200 
(I¢ = 50 mAdc, Vce = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product. 
(Ic = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 1.0 W, Vcc = 28 Vdc, f = 400 MHz) 


Collector Efficiency 
(Pour = 1.0 W, Vcc = 28 Vdc, f = 400 MHz) 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


Pout. QUTPUT POWER (WATTS) 


300 320 340 360 380 400 420 440 460 480 500 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 


MOTOROLA Semiconductor Products inc. 
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FIGURE 4 — CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
1.25 


0.75 


SERIES EQUIVALENT IMPEDANCE 
FREQUENCY Zin Zout 
300MHz 3.5-j6.7 92 -j100 
400MHz 55-45 80 —j80 
500MHz 25-05 40 —j85 


tne 


ty, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


are 


Ic, COLLECTOR CURRENT (mA) 


. FIGURE 6 — S11, INPUT REFLECTION COEFFICIENT FIGURE 7 — S22, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 10 — 400 MHz TEST Ci RCUIT 
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MOTOROLA 


Semiconductors MRF525 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


100—500 MHz BROADBAND 


HIGH FREQUENCY 


TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


... designed specifically for broadband linear amplifier stages in 
the 100—500 MHz frequency range. 


® Guaranteed Performance at 225—400 MHz, 26 Vdc 
Minimum Gain = 13 dB 
Maximum NF = 4.0 dB 

® Third Order Intercept +35 dBm (Typ) 


® Common Emitter TO-39 Package 


@® S-Parameter Characterization 


SEATING J 
PLANE - 


Pe 
O G 
i Fine -N STYLES 


at PIN 1. COLLECTOR 
- PIN 2. BASE 
f PIN 3, EMITTER 


ee ae 3 


MAXIMUM RATINGS. 


5 Vdc 


Collector-Emitter Voltage 

(Ree = 330 2) 

Collector-Base Voltage 

Emitter-Base Voltage | Vego | 35 | “Vde 

Collector Current — Continuous a a ee ee 

Total Power Dissipation @ Tq = 50°C Ce hee Wee 
Derate above 50°C 0.017 W/°C 

Operating Junction Temperature 


Storage Temperature Range -65 to +200 


THERMAL CHARACTERISTICS 


~Symbot [Max 
Thermal Resistance, Junction to Case | Rese | 60 | ecw CL 


| K | 

| M | 

TN | 254TYP 0.100 TYP 

| a { 90°NOM 90° NOM 
NOTE: The pin configuration of this 
version of the T0-39 package differs 
from the common isolated emitter type. 
All JEDEC dimensions and notes apply. 


CASE 79-03 
TO-39 
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MRF525 


ELECTRICAL CHARACTERISTICS (1T¢ = 25°C unless otherwise noted.) 


[SSCS haces —SSSSSSCSC*~dC«S mbt Min «typ x [Ut 


OFF CHARACTERISTICS 

ES eg a Se ee ee 
(Ic = 5.0 mAdc, Ip = 0) 

PMigesonnemerawomm eR TOT 
(ic = 5.0 mAdc, Ree = 330 Ohms) 

ieroimerere me 
MWe = 0. 1 mA, le = 0) 

bec ha le BE AA Ma 
(ig =0.1 mA, Ic = OQ) 

Collector Cutoff Current 


(VcE= 15 Vde, 1p = 0) 
ON CHARACTERISTICS 


DC Current Gain NEE 175 
(I¢ = 80 mAdc, Vcg = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 50 mAdc, Vcg = 20 Vdc, f = 200 MHz) 


Output Capacitance 
(Vcpg = 10 Vde, le = 0, f = 1.0 MHz) 


FUNCTIONAL TEST — BROADBAND (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 26 Vdc, Pj, = 0 dBm, f = 400 MHz) 


Broadband Noise Figure 
(Vcg = 26 Vdc, f = 400 MHz) 


Qt *T.U.T. C7 
C1 = RF 
RF co Output 
Input we. 
L5 
C2 - 
L4 
C3 
O +26 Vde 
R4 R5 
Ct, C2 — 2.5-11 pF Erie Ceramic Variable RG — 120 22 1/2 Watt Carbon 


C3 — 47 wF 6.0 Voit Electrolytic 

C4, C5 — 1000 pF Feedthru 

C6 — 470 pF Ceramic Chip 

C7 ~ 5.5-18 pF Erie Ceramic Variable 


Li — 1 Turn #24, 0.125 mil 1D 

L2, L4 — 0.47 WH Molded Choke 
L3 — 2 Turns #24, 0.125 mil 1D 
L5 — 4 Turns #24, 0.125 mil ID 
R1 — 150 22 1/8 Wart Carbon 
R2 — 100 22 1/8 Watt Carbon 
R3, R4 — 10 kQ 1/8 Watt Carbon *Transistor Under Test 

R5 — 3.3 kM 1/8 Watt Carbon ie = 47 mAdc (Nominal) 


Q2 — 2N29074 


(MA) MOTOROLA Semiconductor Products inc. 
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FIGURE 2 — COMMON-EMITTER POWER GAIN (Gmax) FIGURE 3 — CURRENT GAIN BANDWIDTH PRODUCT 
versus FREQUENCY versus COLLECTOR CURRENT 
" = : aes ieee ie 
= | 
- t - — Vee= 13.6V—- 
24 > . 
: —— | 
<= se omy. 1 — 
e 18 = | 
“x = eee iene eee , 
& z 
So 42 fa) | 
i a 
Pad 1 
: ! 
a { 
= re Ties 
6.0 2 ! 
| z =a 
0 | { ~E 0 i H 
100 200 300 = 406-500 700 1000 me ag 10 «862006330: 4s“ (as sCiOs*=<“‘iCOSCGSC*00 
(PR ERUENG YM NZ) | Ic, COLLECTOR CURRENT (mA) 
FIGURE 5 — 1.0 dB GAIN COMPRESSION OUTPUT 
FIGURE 4 — BROADBAND AMPLIFIER RESPONSE versus FREQUENCY 
= ———+~ Sa ee ee Semi Tay Rreae m ecm nts SS 2 — 5 
16 a | | | | 20 
| a 15 
12 —- E 
ee meer Series Af zy 
ae | rie 
: ee L. : 
rs ie | T > 
S ae Seer eee, eee Cees Sal ae Ie 5 8.0 
| oe Measured in circuit 
EG |) cee eae comments co eons eee e 2 tL : ee 5 shown in Figure 1. 
Measured in circuit | ~ 40 
eee —+—-— ———--+—-—--+- shown in Figure J. | 
| Pi, = 0 dBm | - 
0 0 
200 300 400 200 300 400 


f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


FIGURE 6 — THIRD ORDER INTERCEPT 


+60 
+40 
€ 
fas) 
= +20 
pol 
us 
> 
uw 0 
—_ 
= 
= -20 z i ee 
easured in circuit 
5 - 40 a shown in Figure 1. 
= bald Two-Tone Test: 
7 400 and 402 MHz 
60 


a" 
So 
oO 
+ 
—_ 
eo 
+ 
ho 
So 
+ 
Ww 
fom) 
+ 
> 
fom] 
+ 
on 
So 
+ 
ao 
fan] 


Pin, INPUT LEVEL (dBm) 
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= PARAMETERS 


: fe 
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MOTOROLA 


Semiconductors — -MRF5174 


BOX 20912 +4 PHOENIX, ARIZONA 85036 


The REF Line 


2 W — 400 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR 
NPN SILICON 


... designed primarily for wideband large-signal driver and pre- 
driver amplifier stages in the 200-600 MHz frequency range. 


@ Specified 28-Volt, 400-MHz Characteristics — 
Output Power = 2.0 Watts 
Minimum Gain = 12 dB 
Efficiency = 50% 


@ Characterized from 200 to 600 MHz 


® Includes Series Equivalent | mpedances 


MAXIMUM RATINGS 
" 8-32 NC 2A 
Rating Symbol WRENCH FLAT 
eee a 
Collector-Base Voltage | Vepo_ | 60 | vac | STYLE I: 
ctor Curent = Convo aaa ee re 
Total Device Dissipation @ Tc = 25°C (1) 5.0 Watts 
Derate above 25°C 28 mw /°C 

Storage Temperature Range -65 to +200 : 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as RF amplifiers. 


= 
a 
a 
= 
m 
= 
mm 
pe] 
” 


—) o|2}o|o 

lad & 
S Sis Co 
~ nice ao 


THERMAL CHARACTERISTICS 


| __—ehractino «dS |e [ume on eho 


> "na 
o o 
—) a 
on ~ 
wo to 
~ oo 


i=) 
o 
~~ 
Q 


=m} Ca | me 
ww | NOT IO 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


symbot [min [tye [mex [one 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(te = 1.0 mAdc, |c = 0) 


ON CHARACTERISTICS 


DC Current Gain NEE 100 
(i¢ = 100 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vcp = 30 Vdc; Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vec = 28 Vde, Pou: = 2.0 W, f = 400 MHz) 


Collector Efficiency 
(Voc = 28 Vde, Poyt = 2.0 W, f = 400 MHz) 


L5 
c10 C12 +28 Vdc 
@ ® e e @ 
FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 
La = ; r ae = 
; ie 
L3 - 
RF Output 
= X 
RF tnput . fr c9 


R1 

C1, 9 — 0.02 uF Chip L1 — 3.9 wH Molded Choke 
C2 — 0.0-10 pF. Johanson 2951 L2, 4 — Ferrite Bead Ferroxcube 56-590-65-3B8 
C3 — 25 pF Unetco L3 — 0.15 pH Molded Choke 
C4 — 100 pF Unelco LS — Ferrite Choke VK200-20-4B8 
c5, 6 — 5.0 pF ATC 100 mil Chip : 
C7, 8 — 0.8-20 pF Johanson 3906 Z1— 1.7 cm Microstrip Length 
C10, 12 — 680 pF Feedthru Z2 — 1.5 cm from Center Line 
C11 — 1.0 pF Tantalum 35 V 23 — 1.5 cm of Tuning Capacitors 

24 — 3.6 cm | 
R1 _ —- 3.3 cm See photograph 


2.7 Ohm 1/2 Watt zZ5 


MOTOROLA Sericonductor Products inc. 
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MRF5174 


— OUTPUT POWER versus INPUT POWER 


FIGURE 3 


FIGURE 2 — OUTPUT POWER versus FREQUENCY 


PRCCPREEEH, 
PTET Ty 
Litt iT. 


cial YIMOd LAdLNO nog 


(SLLYM) H3MOd LNdLNO ?"%q 


200 


150 


Pin, INPUT POWER (mW) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 6 — 400 MHz TEST CIRCUIT 
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107-512 MHz, 12.5 Vdc = =———s CHAPTER 12 


MOTOROLA oN3948 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


1.0 W — 400 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH-FREQUENCY TRANSISTOR NPN SILICON 


. . designed for amplifier applications in industrial and com- 
mercial equipment. Suitable for use as output, driver or pre-driver 
stages in UHF equipment. 


® Specified 400 MHz, 13.6 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 6.0 dB 
Efficiency = 45% 


SEATING ae 
PLANE ——--D 
STYLE 1: 
PIN 1. EMITTER 


2. BASE 
3. COLLECTOR 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


MILLIMETERS | INCHES | 
| MIN [MAX | MIN | MAX | 


Symbol 


Re JC 
Thermal Resistance, Junction to Ambient Resa 
“Indicates JEDEC Registered Data 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


19 9 


*ELECTRICAL CHARACTERISTICS (Tx, = 25°C unless otherwise noted) 
ee. __Characteristic Symbol 


OFF CHARACTERISTICS _ 


Collector-Emitter Sustaining Voltage - . - Le. | ee 
(I¢ = 5.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage <—— . 36 Vde 
(I¢ = 0.1 mAdc, Ig = 0) 
Emitter-Base Breakdown Voltage 
(lg = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vog = 18 Vde, Ig = 0) 
(Vop = 15 Vie, 1g = 0, Ta = 150°C) 
ONCHARACTERISTICS i 


DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(ig = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
Output Capacitance 

(Vcg = 15 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 


Power Gain 


Collector Efficiency 


(Voc = 13.6 Vde, f = 400 MHz, Pin = 0.25 W) 


*indicates JEDEC Registered Data 


FIGURE 1 — 400 MHz RF AMPLIFIER TEST CIRCUIT 


L1— 2 Turns #18 Tinned Wire, 3/16 [.D. 1000 pF 


+ 


1/4” Long, Air Wound. 
L2 —- 2 Turns #18 Tinned Wire, 1/2 1.D., | a6 0.01 LF 13.6 Vde 


3/16"’ Long, Air Wound. 


a . . . . 
Air Variable Capacitors 12. 1-10 pF* 
RF Output 


RF input 


FIGURE 2 — OUTPUT POWER versus FREQUENCY FIGURE 3 — PARALLEL EQUIVALENT OUTPUT CAPACITANCE 


Pout = 1.5 Watt 


1.0 Watt 
ae es 
wn _ 
ns = i 
- wo 
= es 
= aS 
[= ~ < 
ry a 
3 SE 
S mg 
= =e) 
> a6 
a < 
5 aS 

<x 
a. 
= 25 
fom J 20 
oo a) 


2N5944 
2N5945 
2N5946 


MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 
The REF Line 


NPN SILICON RF POWER TRANSISTORS 


2.0, 4.0, 10 W - 470 MHz 


RF POWER 
TRANSISTORS 


NPN SILICON 


... designed for 7.0 to 15 Volts, UHF large signal amplifier applica- 
tions required in industrial and commercial FM equipment operating 
in the 400 to 960 MHz range. 


e Specified 12.5 Volt, 470 MHz Characteristics — 
Power Output = 2.0 W - 2N5944 
4.0W — 2N5945 
10 W — 2N5946 
Minimum Gain = 9.0 dB — 2N5944 
8.0 dB -- 2N5945 
6.0 dB —- 2N5946 
Efficiency = 60% Minimum 
e@ RF ballasting provides protection against device damage due to 
load mismatch 


@ Characterized with series equivalent large-signal impedance 
parameters 


SEATING ¢ Cc 


PLAN 
y PLANE 


8-32 NC 2A 
MAXIMUM RATINGS WRENCH FLAT 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


* Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


“Indicates JEDEC Registered Data 
(1) These devices are designed for RF operation. The total device dissipation rating 


applies only when the devices are operated as RF amplifiers. 
(2) For repeated assembly use 5 in-ibs. 
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2N5944 e 2N5945 @ 2N5946 


“ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


-| Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Ip = 0) 2N5944 


(I¢ = 100 mAdc, Ip = 0) 2N5945 
(Ic = 200 mAdc, Ip = 0) 2N5946 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, Vee = 0) 2N5944 
(t¢ = 100 mAdc, Vge_ = 0) 2N5945 
(I¢ = 200 mAdc, Vge = 0) 2N5946 


Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 2N5944 
(Ie = 2.0 mAdc, Ic = 0) 2N5945 
(le = 4.0 mAdc, Ic = 0) 2N5946 
Collector Cutoff Current 
(VcEe = 15 Vdc, Vee = 0, Tc = 55°C) 2N5944 
2N5945,2N5946 
Collector Cutoff Current 
(Vcp = 15 Vde, Ie = O) 2N5944,2N5945 
2N5946 


ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 2N5944 


(1c = 200 mAdc, Vcg = 5.0 Vde) 2N5945 
(ig = 500 mAdc, Veg = 5.0 Vdc) _ 2N5946 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcpg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 2N5944 
2N5945 
2N5946 


FUNCTIONAL TEST (Figure 20) 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 2-0 W, |c(max) = 267 mAdc, 2N5944 
f = 470 MHz) 
(Vcc = 12.5 Vdc, Poyt = 4.0 W, Ic(max) = 533 mAdc, 2N5945 
f = 470 MHz) 
(Vcc = 12.5 Vde, Poy: = 10 W, Ie(max) = 1.33 Adc, 2N5946 
f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 2.0 W, Ic(max) = 240 mAdc, 2N5944 
f = 470 MHz) 


(Voc = 12.5 Vdc, Pous = 4.0 W, Ieimax) = 500 mAdc, 2N5945 
f = 470 MHz) 


(Voc = 12.5 Vde, Poyt = 10 W, Ic(max) = 1.3 Ade, 2N5946 
f = 470 MHz) 


“Indicates JEDEC Registered Data 


These devices are available in various packages, such as a stud- 
less stripline package, TO-39, and also in chip form on beryllium 
oxide carriers for hybrid assemblies. 

For further information, contact your nearest Motorola repre- 
sentative or the factory representative. 


MOTOROLA Semiconductor Products ine. 
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2N5944 @ 2N5945 e@ 2N5946 


2N5944 
TYPICAL PERFORMANCE DATA 
FIGURE 1 — SERIES EQUIVALENT IMPEDANCE FIGURE 2 — OUTPUT POWER versus SUPPLY VOLTAGE 
Sane PEE jon rn 
0 ageee 2 SAAN aae, ar 
seat anes eauepesiel Jassreneessaniy: 
ai enw, L] 
Ci: paeesecrssecacsanas 
a setecgastasnsssarasss 
eee Cos.0—4 ort 
CO 510 53-87 HL H PRE 
OO a4} H ag areas wens 


aeenseecnetenen est trassisezsszs 
Oo re cacateatenirsteee sereeesaiiis 


oo soa eaten ee bantTienirrraaaaoek a 
a 


sRean oe 
ry F400 1.2+).66 


CO Ek ST HE 450 1.2+j}.66 
| sonets 4 Ct 510 1.54 j0.3 
SSE TE Here 
| : rk ae s' | an 


Vee = 12.5 Vdc, Poyt = 2.0W 


[7 
Pout, OUTPUT POWER (WATTS) 


VCC, SUPPLY VOLTAGE (VOLTS) 


FIGURE 3 — OUTPUT POWER versus INPUT POWER FIGURE 4 — OUTPUT POWER versus FREQUENCY 


4.0 


” — 
es 3.0 Vcc = 12.5 Vde re 
= f = 470 MHz < 
~ = 
uw [og 
E 3 
2.0 
5 - 
& a 
5 Fe 
8 3 
0 100 200 300 400 500 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 
FIGURE 5 — OUTPUT POWER versus INPUT POWER FIGURE 6 — OUTPUT POWER versus INPUT POWER 
2.5 


Voc = 13.6 Vde 
f = 960 MHz 


Pout, QUTPUT POWER (WATTS) 


om 
0 


Pout, GSUTPUT POWER (WATTS) - 


Q 


Pin, INPUT POWER (mW) Pin, INPUT POWER (WATTS) 


- 
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2N5944 @ 2N5945 @ 2N5946 


2N5945 
TYPICAL PERFORMANCE DATA 


400 4.6 - j6.3 +1] 
450 4.6 - (6.6 +H 


| 

FIGURE 7 — SERIES EQUIVALENT IMPEDANCE FIGURE 8 — OUTPUT POWER versus SUPPLY VOLTAGE 
| 

510 4.7 - 35.2 | 


Pout, OUTPUT POWER (WATTS) 


Voc = 12.5 Vdc, Pout = 4.0W 7.0 8.0 9.0 10 1 12 13 14 15 
Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 ~— OUTPUT POWER versus INPUT POWER FIGURE 10 — OUTPUT POWER versus FREQUENCY 


Vec = 12.5 Vde 
f= 470 MHz 


ff 
ian 


Py ye 


Pout, OUTPUT POWER (WATTS) 
Pout. OUTPUT POWER (WATTS): 
> 
Lom] 


LA 
wal 


Pin, INPUT POWER (WATTS) _ f, FREQUENCY (MHz) 


FIGURE 11 — OUTPUT POWER versus INPUT POWER FIGURE 12 — OUTPUT POWER versus INPUT POWER 


10 


a a 

na t Vcc = 13.6 Vde 

pe a _ CC - 

G < BOF "t= 960 MHz 
= 

= = 

o AF 

= S 

Oo a. 

a a 6.0 

2 : 

Land > 

3 3 

E & 4.0 

a a. 


Pi, INPUT POWER (WATTS) Pi, INPUT POWER (WATTS) 
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2N5944 @ 2N5945 ® 2N5946 


2N5946 
TYPICAL PERFORMANCE DATA 


FIGURE 13 — SERIES EQUIVALENT IMPEDANCE FIGURE 14 — OUTPUT POWER versus SUPPLY VOLTAGE 


Tae 
HiT 
Pt 
PtH _ 
aan te 2 
& tHE PA 
He = 
: 
3% a8 ; a 
ies 450 3.6 - [1.0 Eo 80 134 1 > 
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: 510 4.5 j0.3 +O = 
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SAE 
SSSA 
eesneaasee 
Vcc = 12.5 Vde, Poyt = 12 W : “70° 80900 " 2 323 4 (15 
Vcc. SUPPLY VOLTAGE (VOLTS) 
FIGURE 15 — OUTPUT POWER versus INPUT POWER FIGURE 16 — OUTPUT POWER versus FREQUENCY 
20 
veszeviet | | | |_| _ 
f= 470 MHz ; a 
2 || | |e : 
s A) : 
ws A 5 
: Pet : 
: 2k 5 
a = 
- Oo 
Po) 5 
2 Pt py : 
3 50 a 
: pt ft ft 
; | ty 


0 ) 1.0 2.0 3.0 4.0 5.0 
Pin, INPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


FIGURE 17 — OUTPUT POWER versus INPUT POWER 


Vcc = 7.5 Vde 
f = 470 MHz 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 
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2N5944 @ 2N5945 e 2N5946 


10-WATT BROADBAND UHF AMPLIFIER 
FIGURE 18 


C1 


‘ “ oars ‘ia 
RF iNPUT oe 


PARTS LIST= 


C1,C2,C4,C13,614 0.9-7:0 pF ARCO 400 or equivalent 


C3,C7,C8 25 pF UNELCO or equivalent 
C5,C11 0.1 uF Ceramic 35 V 
C6,C12 680 pF ALLEN BRADLEY Feedthru 
c9,C10 1.0 nF, 35 V Tantalum 


10 W AMPLIFIER PERFORMANCE 


Vec = 12.5 Vide 
Frequency Ic 
MHz Amp. 


8.5 
11 


P.C. Boatd 3x2x0.062 Inch G10 Per Template 
3° 


“O+12.5 Vde 


Ck RE OUTPUT 


&1,43 3.9 uH Molded Choke MILLER or equivalent 
2,44 5 Turns #18 AWG Enameled 0.2” 1.0. 

i.5 FERROXCUBE Ferrite Choke VK200 20/48 
Microstrip Lines (See Template Below) 
at 2N5944 


Q2 2N5946 


Veg = 12.5 Vde 
Pin = 250 mW 


Pout. SUTPUT POWER (WATTS) 


2 eateries ae cece SO 
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2N5944 ©2N5945 @ 2N5946 


470 MHz TEST CIRCUIT 


FIGURE 20 


+12.5 Vde 


N 
RF INPUT N RF OUTPUT 
= : N 
C1,2  1.0-25 pF ARCO 421 OR EQUIVALENT CONNECTORS ARE TYPE “N” 
C3,4 1.0-25 pF ARCO 421 OR EQUIVALENT BOARD IS GLASS TEFLON 
L12 7 TURNS #22 AWG, 0.2" 1.0. 3” x 5" x 0.060” 
FERRITE BEADS FERROXCUBE 56-590-65-3B MOUNTING PLATE IS 3° x5" x 0.75" 
AS SHOWN ON LI 
FL1 OC SUPPLY FILTER 
2-1000 pF FT CAPACITOR 
1-1.0 uF, 35 V CAPACITOR 
1-CHOKE FERROXCUBE VK 200-20-4B 
FIGURE 21 
1000 pF 1000 pF 
FEEDTHRU FEEDTHRU 
O—O O +12.5 Vde 


INPUT 
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MOTOROLA 


Semiconductors 


BOX 20912 6. PHOENIX, ARIZONA 85036 


i _ The RF Line | 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt, VHF/UHF large signal Amplifier/Multiplier 
applications required in industrial and commercial FM equipment 
operating to 520 MHz. 


@ Specified 12.5 Volt, 470 MHz Characteristics 
Power Output = 0.5 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 60% 

® Characterized with series equivalent large signal 
impedance parameters 

@ Capable of Output Power @ 1.0 Watt 


*MAXIMUM RATINGS 


* Indicates JEDEC Registered Data 


FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


1000 pF* 1000 pF 
Feedthru Feedthru 
° « e 


T VK-200 it + 12.5 Vde 
+ 
C4 


RF 
Output 


NOTE: Test Circult Leyout and Component 
Descriptions Shown in Figure 6. 


19.11 


—2N6256 


0.5 WATT — 470 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


oy aL LIMETERS| INCHES 
[MIN [MAX |" MIN T MAX 
CA [7.06 [7.26 [0.278 [0.286 | 


CASE 249-065 


2N6256 


* ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1c = 5.0 mAdc, Veg = 0) 


Emitter-Base Breakdown Voltage 


(le = 1.0 mAdc, I¢ = 0) 
Collector Cutoff Current 
(VcE = 15 Vde, Vege = 0, Ta = 125°C) 
Collector Cutoff Current 
(Vcp = 15 Vde, Ie = 0) 
ON CHARACTERISTICS 


Dec Current Gain hE 20 200 
(I¢ = 50 mAdc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
| Common-Emitter Amplifier Power Gain (Figures 1, 6) 
(Pout = 0.5 W, Voc = 12.5 Vdc, f = 470 MHz) 


Collector Efficiency _ (Figures 1, 6) 
(Pout = 0.5 W, Voc = 12.5 Vdc, f = 470 MHz) 


*|Indicates JEDEC Registered Data. 


Typical Output Power curves were measured in 
circuit shown in Figure 6. 


FIGURE 2 — OUTPUT POWER FIGURE 3 — OUTPUT POWER 


versus FREQUENCY versus INPUT POWER 
1.0 ——T 1000 = 
: [77 ra 
CECERR res Ewes 
a 0.8 ae | ts — | _ 800 4 A y —— 
ns 0.6 a =e a 600 en / | ees ae eee) (eee a 
= bial Pes 
> eo __ th eas ie, & YZ Ad eater eos Ce Tm Westra Lone ened eS Sweeter 
wut ; : 
Soe i Oe is ; ZT vec sve | 
Se ee ae: 
= | a 2 es des a oa 
3 Cae Pe | 3 
sae le ae aa 
(ee ee ee ee ae 
380 «= 400 420 440 460 480 500 520 0 80 100 120 140 160 
f, FREQUENCY, (MHz) Pin, INPUT POWER, (mW) 
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2N6256 


FIGURE 4 — OUTPUT POWER FIGURE 5 — SERIES EQUIVALENT 
versus SUPPLY VOLTAGE INPUT and OUTPUT IMPEDANCE 


Pour, OUTPUT POWER (mW) 


= 
a ae 
ie ae 
ae 
feed ea 
a ae 
i ae 
a ee 
ee 
= ae 


FIGURE 6 — 470 MHz TEST CIRCUIT LAYOUT 
(See Figure 1 for Schematic Diagram) 


+12.5 Vde 


RF Output 


UTIL Fe PT 


1.0-25 pF ARCO 421 or Equivalent Connectors are Type ‘‘N” 

1.0-25 pF ARCO 421 or Equivalent Board is Glass Teflon 

7 Turns #22 AWG, 0.2” |.D. 3°’ x 5°’ x 0.060" 

Ferrite Bead FERROXCUBE 56-590-65-3B Mounting Plate is 3’’ x 5'’ x 0.75” 
as shown on L1 

OC Supply Filter 

2-1000 pF FT Capacitor 

1-1.0 uF, 35 V Capacitor 

1-Choke FERROXCUBE VK 200-20-4B8 


(Ak) MOTOROLA Semiconductor Products Inc. 


2N6256 


FIGURE 7 — 150 MHz to 450 MHz 
TRIPLER USING 2N6256 


C1,C2,C3,C9,C10_ 
C6,C7 
C4,C5 


1-7 pF ARCO 400 or Equivalent 
1.5-20 pF ARCO 402 or Equivalent 
470 pF ATC Type 100-B-420-m-ms 


C8 1000 pF UNDERWOOD Type J-101 


C11 0.47 uF TANTALUM 
C12,C14 470 pF Feedthru 
C13 0.1 uF Ceramic 
R1 200hm 
R2,R3 160 O0hm 


NOTE: 
unless otherwise specified. 


Figure 7 shows the 2N6256 in a 150 MHz to 450 MHz tripler 
circuit. This circuit will typically produce 85 mW at 450 MHz with 
30 mW at 150 MHz input (4.5 dB gain). Collector efficiency is 
25% and all unwanted harmonics are at least 30 dB down from 
the 450 MHz output level. 


It is important that each emitter lead be bypassed separately 
with a good hi-quality capacitor. The emitter resistor is likewise 
split in two with one-half on each emitter lead. 


+ 12.5 Vde 


1 7 Turns 1/4” 1.0, 

L2 6-4 Turns 1/8" 1.0. 

L3 0.68 #H Molded Choke 

L4 5 Turns 1/4" |.D. 

L5 6 Turns 1/8" 1.D. 

L7 1 uH Molded Choke 

L8 FERROXCUBE VK200-20/4B 

L9 Ferrite Bead, FERROXCUBE 56-590-65/3B 


All coils air core space wound with #20 AWG Wire, 


The input network is a modified “TEE” consisting of C1, C2, 
and L1, which matches the 50 Ohm input to the transistor 
impedance at 150 mc; this is roughly 18-20 Ohms. The combi- 
nation of L2 and C3 forma 450 MHz idler to provide a base return 
for third harmonic current. L4, C6 and L5, C7 are 150 MHz and 
300 MHz output idlers respectively. The output matching section 
is a pi network made up of L6, C9 and C10. All coils are air core 
space-wound (turns one wire diameter apart) with #20 AWG wire. 
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MOTOROLA 


Semiconductors MRF515 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


0.75 W — 470 MHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


.. . designed for 12.5 Volt UHF large-signal amplifier applications 
required in industrial equipment 
® Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 0.75 Watts 
Minimum Gain = 8.0 dB 
Efficiency = 50% 
®@ S Parameter Data From 100 MHz to 1.0 GHz 


NPN SILICON 


SEATING 
PLANE 
STYLE 1: 
| PIN 1. EMITTER 
2. BASE 
MAXIMUM RATINGS , 3. COLLECTOR 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage | Veso | 40 | 
Collector Current — Continuous 
Totat Device Dissipation @ Tc = 25°C ee cee hee 
Derate above 25°C 14.3 mw /°c 


Storage Temperature Range 


| MIN, [MAX | 


0.406 | 0. 
0.229 | 3. 
| 0.406 | 0. 
| G4. 
| H | 0. 
| J | 0. 
YK | 12. 

| L | 6.35 | 
ee oe 


— 
w 
ot 

[ie} 

i 
oO 
on 
o 
o 

+ 
N 
Oo 
o 


| A] 2.54 | | 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


Ee a De oe 


MRF515 


_ELECTRICAL CHARACTER SMES ic 25°C unless otherwise noted.) 


Syabet [Win [typ [nae] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, IE = 0) 


| Emitter-Base Breakdown Voltage 
(tg = 100 wAdc, Ic = 0) 
Collector Cutoff Current 
(Voce = 15 Vdc, Ig = 0) 
ON CHARACTERISTICS 


| DC Current Gain 
(I¢ = 50 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE (sat) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 100 mAdc, VcgE = 10 Vdc, f = 200 MHz) 


1800 2000 


Output Capacitance 
(Veg = 12.5 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 0.75 W, f = 470 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Poy = 0.75 W, f = 470 MHz) 


| Series Equivalent Input Impedance 
(Voc = 12.5 Vdc, Poy; = 0.75 W, f = 470 MHz) 


| Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Poyt = 0.75 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT 


L2 
12.5 Vde C5 


= C6 


f_N 2 
S : 
L4 
C1 
C3 
C1,C2,C3 - 1.0-10 pF JOHANSON BOARD = 0.032’° TEFLONGLASS, 


C4 -0.1 UF disc 
C5 - 1.0 M@F TANTULAM 
C6 - 0.018 UF chip 


€p=2.5 


C7 - 1000 pF Feedthru 

L1,L2 - 0.15 uF Choke 
L3 - Bead Ferrite 

21,22 - 0.09" x 0.5" LINE, Z, = 100 2 
Z3 - 0.18"" x 1.0" LINE, Zy = 502 
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MRF515 


FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


CURRENT 


versus COLLECTOR 
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Ta = 25°C 
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FIGURE 4 — OUTPUT CAPACITANCE versus COLLECTOR BASE VOLTAGE 
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MRF515 


FIGURE 5 — S11 and S99 versus FREQUENCY 


ms % Som . 


BOSS RRO oot 
SD B00 MAZES 100 Mee. a 


FIGURE 6 — $79 versus FREQUENCY FIGURE 7 — S941 versus FREQUENCY 
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MOTOROLA MRF 626 
Semiconductors , MRF627 


BOX 20912 . PHOENIX, ARIZONA 85036 


_ The RF Line 0.5 W - 470 MHz 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTORS 
MR F626 
Case 305-01 


. . + designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM. equipment operating in the 407 to 
512 MHz range. Ideally suited for requirements that specify opti- 
mum performance in a limited space. 


i) 


mine 


i) 


) 


ia, 


@ Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 0.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 60% 


ra} 
vj 
t 


JE 
SEATING PLANE 
8-32 UNC 2A° 
WRENCH FLAT 


STYLE 1: 
PIN 1. EMITTER 


3, EMITTER 
4. COLLECTOR 


MRF 627 
-Case 305A-01 


MAXIMUM RATINGS 


Rating 
| 


Total Device Dissipation @ Tc = 25°C 
Derate Above 25°C 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR - 


19.10 


MRF626 @ MRF627 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 

‘Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Ig = 0) 
(ig = 0.1 mAdc, Ig = 0) 

| Emitter-Base Breakdown Voltage oe ae | 
(le =O0.1mAdc, 1c =0) 

“Collector Cutoff Current ) 

(Voce = 12 Vde, Ig = 0) 


| Emitter Cutoff Current 
(Vee = 3.5 Vdc, Ic = 0) 


“DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product 
(Ig = 50 mAdc, VcE = 12.5 Vde, f = 200 MHz) 
(Ic = 100 mAdc, Vcg = 12.5 Vdc, f = 200 MHz) 
(ic = 150 mAde, VcgE = 12.5 Vdc, f = 200 MHz) 
‘Output Capacitance 
(Veg = 12.5 Vde, !_ = 0, f = 1.0 MHz) 
~ Input Capacitance 
(Vag = 1.0 Vdc, Ic = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
“‘Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Poyt = 0.5 W, f = 470 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Pout = 0.5 W, f= 470 MHz) 


Collector Efficiency ) 
(Voc = 12.5 Vde, Poy = 0.5 W, f = 470 MHz) 


FIGURE 2 — OUTPUT CAPACITANCE versus 


FIGURE 1 — OUTPUT POWER versus INPUT POWER COLLECTOR BASE VOLTAGE 
7 Pe de! ‘| 
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Vcp. COLLECTOR-BASE VOLTAGE (VOLTS) 
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MRF626 © MRF627 


FIGURE 3 — 470 MHz TEST CIRCUIT SCHEMATIC 


RF 
Output 


1.0-25 pF ARCO 421 Microstrip Line, 0.25°° Wx 4.75 "L 
1.0-25 pF ARCO 421 Microstrip Line, 0.25°° W x 2.00" L 
1.0 uF, 35 V Capacitor | Microstrip Line, 0.50’ W x 1.00” L 
1000 pF Feedthru Board-Giass Teflon, 3’ x 5"’ x 0.060” 

7 Turns, #22 AWG, 0.2” 1.0. Mounting Plate is 3” x 5’’ x 0.75" 

Choke FERROXCUBE VK 200-20-48 Input/Output Connectors — Type N 

1 Ohm, 1/2 W Carbon 


FIGURE 4 — 470 MHz TEST CIRCUIT LAYOUT 


+12.5 Vde 


RF Input RF Output 


0.220 Dia. 
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FIGURE 5 — TYPICAL $11 and S95 versus FREQUENCY 
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TYPICAL S91 versus FREQUENCY 


FIGURE 7 — 


FIGURE 6 — TYPICAL S15 versus FREQUENCY 
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MOTOROLA 


Semiconductors MRF62 8 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


0.5 W - 470 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR | NPN SILICON 


. designed for 5.0 - 15 Volt, VHF/UHF large-signal Amplifier /Mul- 
tiplier applications in military and mobile FM equipment. 


@ Specified 12.5 Volt, 470 MHz Characteristics 
Power Output = 0.5 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 


® Characterized with Series Equivalent Large-Signal 
Impedance Parameters 


J | . ft A 7] S 
MAXIMUM RATINGS | h \ i 
SEATING PLANE 
| 
: STYLE 1: 

| nase 
‘COLLECTOR 
mee ae 

Total Device Dissipation @ Tc = 25°C : Reais 


Derate Above 25°C 


CASE 249-05 


17-93 © 


MRF628 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = 20 mAde, Ig = 0) 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = 20 mAdc, VpeE = 0) 


| 36 
Collector-Base Breakdown Voltage BVCBO | 
(I¢ = 20 mAdc, Ig = 0) 36 


Emitter-Base Breakdown Voltage BVEBO : 
(Ie = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current 


(VcE = 15 Vdc, Vege = 0, Tc = 25°C) 


Collector Cutoff Current 
(Veg = 15 Vde, Ic’ = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(lg = 100 mAdc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 12 Vde, Ig = 0, f= 1.0 MHz) 


FUNCTIONAL TEST 


| Common-Emitter Amplifier Power Gain 
(Vec = 12.5 Vde, Poyt = 0.5 W, Ic(max) = 80 mAdc, f = 470 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 0.5 W, Iclmax) = 80 mAdc, f = 470 MHz) 


(1) Pulsed thru 25 mH inductor. 


FIGURE 1 — SERIES EQUIVALENT 


IMPEDANCE PARAMETERS. FIGURE 2 — OUTPUT POWER versus INPUT POWER | 


7) 
se ee FECTION COEFFICIENT 1 Vcc bal 12.5-V 


ee 


aut Sia f= 470 MHz 
Voc = 12.5 V aedeuntctseres fuee coor: z 


SNINOdNOD JINTISIS IY 


u) 

il 

H 
Poyt, OUTPUT POWER (WATTS) 


wig : +4 He ce 
Shire 450 | 2.5 +} 0.6/5.9 -j a5 Hee Beeeeee 


Pin, INPUT POWER (mW) 
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MRF628 


~ Poyt, GSUTPUT POWER (mW) 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus VOLTAGE 


Pout, QUTPUT POWER (mW) 


8.0 
Voc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — 470 MHz TEST CIRCUIT 


RF INPUT 


INPUT 


1.0-25 pF ARCO 421 OR EQUIVALENT 
1000 pF FEEDTHRU CAPACITOR 
C7 1.0 uF, 35 V CAPACITOR 


L1,2 7 TURNS #22 AWG, 0.2" LD. 
FERRITE BEADS FERRO XCUBE 
56-590-65-3B AS SHOWN ON L1 

L3 1-CHOKE FERROXCUBE VK-200-20-4B 


+12.5 Vde 


RF OUTPUT 


+ 
12.5 Vde 


RF 
OUTPUT 


BOARD-GLASS TEFLON, eg = 2.56, t = 0.062 
MOUNTING PLATE — 3" x 5” x 0.060" 
INPUT/OUTPUT CONNECTORS — TYPE N 
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MOTOROLA MRF629 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line | 


2 W - 470 MHz 
RF POWER 


TRANSISTOR 
NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


.. . designed for 12.5 Volt UHF large-signal amplifier applications 
in industrial and commercial FM equipment operating to 512 MHz. 


Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 2.0 Watts 
Minimum Gain = 8.0 dB 
Efficiency = 50% 
Characterized with Series Equivalent Large-Signal Impedance Par- 
ameters 


Grounded Emitter TO-39 Package for High Gain and Excellent 
Heat Dissipation 


Replaces Medium-Power Stud Mounted Devices 


MAXIMUM RATINGS | =~ = PIN 1. COLLECTOR 


Rating EMITTER 
Collector-Emitter Voltage | Vcceo | 16 

Collector-Base Voltage 

Emitter-Base Voltage | Vepeo | 40 | 

Collector Current - Continuous | le {| 400 | made 

Total Device Dissipation @ Tc = 25°C Ee eed 
Derate Above 25°C 28.5 


Storage Temperature Range -65 to +200 Ge 


2.54 TYP 
0° NOM 


CASE 79-03 


All JEDEC dimensions and notes apply. 


NOTE: The pin configuration on this version 
of the TO-39 package differs from the 
common isolated emitter type. 
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MRF629 


ELECTRICAL CHARACTERISTICS 4T¢ = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(i¢ = 50 mAdc, Ig = 0) . 
Collector-Emitter Breakdown Voltage BVcEsS 
(I¢ = 50 mAdc, Vg_E = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 1.0 mAdc, Ic = 0) 
ollector Cutoff Current CBO 
(Veg = 18 Vde, tg = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 100 mAdc, VcE = 5.0 Vdc} 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(Vog = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 2.0 W, f = 470 MHz) 
ollector iclency 
(Vcc = 12.5 Vde, Poyt = 2.0 W, f = 470 MHz) 


FIGURE 1 — 470 MHz TEST CIRCUIT SCHEMATIC 


12.5 Vdc 


1.5-20 pF, ARCO 402 1.0¢F TANTALUM 
C2,C6 — 1-10 pF, JOHANSON 2951 ; L1,L2 — Copper Strap, 1°’ Length x 0.125” 


c3 — 15 pF, UNELCO Width x 0.005” Thickness, x 2.54 cm 
C4 — 25 pF, UNELCO L3 — 3.3 wH Molded Choke : 

c7 — 8.0-60 pF, ARCO 404 L4 — 0.15 wH Molded Choke 

c8 — 100 pF, UNELCO BEAD — FERROXCUBE 56-590-65-3B 


0.047 uF ERIE Disc Cap 100 V INPUT/OUTPUT CONNECTORS — Type BNC 
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MRF629 


Pour. QUTPUT POWER (WATTS) 


Pout, POWER OUTPUT (WATTS) 


FIGURE 2 — OUTPUT POWER versus INPUT*POWER 


4.0 


f 
Vcc 


= 470 MHz 
= 12.5 Vde 


0.2 0.3 
Pin, INPUT POWER (WATTS) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Vec, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS) 


FIGURE 3 — OUTPUT POWER versus FREQUENCY 
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Semiconductors MRF641 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The REF Line | 


15 W — 470 MHz 
CONTROLLED Q 


RF POWER © 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


_.. designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


@ Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 15 Watts 
Minimum Gain = 7.0 dB 
Efficiency = 55% 
® Characterized with Series Equivalent Large-Signal |mpedance 
Parameters 
@® Built-In Matching Network for Broadband Operation 


® 100% Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 6 Vde 


7 
3 
5 


3 
3 


Collector-Base Voltage VcBO | 86 _ Vde 
STYLE 1: 


Collector Current — Continuous Ic 
— Peak (10 seconds } 2. COLLECTOR 
3. EMITTER 
Total Device Dissipation @ Tc = 25°C Watts 4. BASE 
Derate Above 25°C 0.25 w/°c FLANGE-ISOLATED 


Storage Temperature Range | Tsta _| -65 to +200 aL IMeTERE Te 


THERMAL CHARACTERISTICS 


| Thermal Resistance, Junction to Case’ 4.0 OC /w 


6 
6 
.0 
Rs) 
0 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 20 mAdc, !p = 0) 

Coliector-Emitter Breakdown Voltage 
(1¢ = 20 mAdc, Vege = 0) 


Emitter-Base Breakdown Voltage 

({¢ = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current 

(Vcge = 15 Vde, Vee = 0, Te = 25°C) 
ON CHARACTERISTICS 


OC Current Gain hrE 30 150 
(Ic = 1.0 Adc, Veg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Veg = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Gpoe 7.0 8.3 
(Voc = 12.5 Vde, Pout = 15 W, Io (MAX) = 2.2 Adc, f = 470 MHz) 
oy 


Collector Efficiency 
(Vcc = 12.5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) 
Output Mismatch Stress 

(Voc = 16 Vdc, Pj}, = Note 1, f = 470 MHz, VSWR = 20:1, 

All Phase Angles) 
Series Equivalent Input Impedance 

(Vcc = 12.5 Vde, Pout = 25 W, f = 470 MHz) 
Series Equivalent Output Impedance 

(Vcc = 12.5 Vdc, Pout = 25 W, f = 470 MHz) 


Notes: 
1. Pin = 150% of Drive Requirement for 25 W Output at 12.5 Vdc. 
* w = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 
** ZOL = Conjugate of the load impedance into which the device output operates at a given output power, nT, and frequency. 


FIGURE 1 ~- TEST CIRCUIT SCHEMATIC 


12.5 V 


L2 


: C10 . 
RE 
RF = c6} c7] ce Jy Output 
aT 
Input c9 tt 
ca! cs = 
= 1 i 


C1 -- 0.8-10 pF, Johanson C5201 L1,L2 — 3 Turns #22 AWG 0.2 ID 

C2, C3, C10 — 100 pF, UNELCO J101 Ferroxcube Bead 56-590-65-48 
C4, C5 — 25 pF, UNELCO J107 21 — Microstrip 1.0’ x 0.18" 

C6, C7 — 15 pF, UNELCO J101 Z2 — Microstrip 1.0°° x 0.25” 

C8 -- 10 pF, UNELCO J101 Board — 3" x 5"’ x 0.062’’ Glass Teflon 
C9 — 0.8-20 pF, Johanson 3906 Double Clad ¢p = 2.56 

C11 — 680 pF, Feedthru Heat Sink — 3’’ x 5° x 0.75" Al Pilate 


C12 — 1.0 uF 35 V Tantaium 


MOTOROLA Semiconductor Products inc. 


12-30 


MRF641 


FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — POWER OUTPUT versus FREQUENCY 
25 
a ie ie ueeney ae 
2 ne a 20 eer 
oo 
= ioe eae ae é a 
: Pet ced eae 
: 2" a a 
Z te ees 3 | 
a 
05 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 380 400 420 440 460 480 500 520 540 
Pins POWER INPUT (WATTS) f, FREQUENCY (MHz) 
FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE 


Pale minus ae (WATTS) 


Psute POWER OUTPUT (WATTS) 


5 2.0 25 . 3.0 
Voc, SUPPLY VOLTAGE (VOLTS) Pi, POWER INPUT (WATTS 


5 4.0 4.5 5.0 


~ ow 


FIGURE 6 ~— SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 


ANGLE 


FREQUENCY 


Cert ty 480 sung wane MHz 
seen 
ee 420 
ee 450 
cA 480 
(_\ 510 19+j4.5 |3.2+j22 
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MRF641 TEST CIRCUIT 


MRF641CKT 
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Semiconductors 


BOX 20912 e PHOENIX, ARIZONA 85036 


MRF644 


| The RF Line 


NPN SILICON RF POWER TRANSISTOR 


_. . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


@ Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 25 Watts 


Minimum Gain = 6.2 dB 
Efficiency. = 60% 

® Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

® Built-in Matching Network for Broadband Operation 

® 100% Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Emitter-Base Voltage 


Collector Current — Continuous 
— Peak (10 seconds ) 


Total Device Dissipation @ Te = 25°C 
Derate Above 25°C 


25 W — 470 MHz 


CONTROLLED O 


RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


CASE 316-01 


MRF644 


ELECTRICAL CHARACTERISTICS {Te= 25°C unless otherwise noted.) 


Symbol_[ Min | Typ | Mex | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage eee ee eee 

ifle-= 20 mAdc, ig = O) 

Sa pp 
(te = 20 mAdc, Vee = 0) 

icc i dW 
aes 5.0 mAdc, tc = 0) 

Collector Cutoff Current ICES mAdc 


(Veg = 15 Vdc, Veg = 0, Tc = 25°C) 
ON CHARACTERISTICS 


(ic = 4.0 Adc, Vee = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance | 

(Vog = 12.5 Vde, Ie = 0, £ = 1.0 MHz)» 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Poy, = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) — 


Input Power 
(Voc = 12.5 Vdc, Pout = 25 W, f = 470 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Ade, f = 470 MHz) 


Output Mismatch Stress 


(Voc = 16 Vde, Pip = Note 1, f= 470 MHz, VSWR = 20:1, 
All Phase Angles) 


Series Equivalent Input |mpedance 
(Vcc = 12.5 Vdc, Poy, = 25 W, f = 470 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Pout = 25 W, f = 470 MHz) 


1. Pin = 150% of Drive Requirement for 25 W Output at 12.5 Vdc. | 
= ae Wicmarch stress factor—the electrical criterion established to varity the device resistance to load mismatch failure. The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum !oad mismatch at all phase angles. 
** ZOL = Conjugate of the load impedance into which the device output operates at a given output power, n7, and frequency. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC1 
O ©) O—-O : © 
ct aa C14 
B B P C12 
= 
C11 
c10 . Te ge Ue ee ee 1 
7 eae a 
i 
“C4 C6 - | 
! z7 | ze } 29 fa 
ac +23 fe o 
| 
| 
c3 cs 
| 
\ 
, , > : 
er es a ef eS ok 4 
C1,C2,C7,C8 1—20 pF JOHANSON Variable C12,C13 680 pF Feedthrough 23 0.20" x 0.20’ Microstrip 
C3 , 27 pF 100 mil ATC © u1 5'' #22 AWG 0.100" ID Z4,Z25 1/2" #18 AWG bent ina 
c4 30 pF 100 mil ATC L2- 5'' #20 AWG 0.187" ID “v'" shape 1/8” Wide 
C5, C6 33 pF 100 mil ATC RFC1 Ferroxcube VK200-204B z6 0.20” x 0.20"’ Microstrip 
c9 250 pF 100 mil ATC B Ferroxcube Bead 56-590-65-3B 27 0.70°’ x 0.20" Microstrip 
C10 100 pF UNELCO 21 0.25" x 0.20" Microstrip 28 0.33'' x 0.20'' Microstrip 
C11,C14 1 MF 35 V TANTALUM 22 1.63’ x 0.20’ Microstrip 29 0.50” x 0.20” Microstrip 


Board 62.5 mil Glass Teflon, €R = 2.55 
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FIGURE 2 — POWER OUTPUT versus POWER INPUT FIGURE 3 — POWER OUTPUT versus FREQUENCY 
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FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE FIGURE 5 — POWER SATURATION PROFILE | 
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TEST FIXTURE 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


45 W — 470 MHz 


CONTROLLED OQ 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


_. . designed for 12.5 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


Specified 12.5 Volt, 470 MHz Characteristics — 
Output Power = 45 Watts 
Minimum Gain = 4.8 dB 
Efficiency = 55% 
Characterized with Series Equivalent Large-Signa!l Impedance 
Parameters 
Built-In Matching Network for Broadband Operation 


100% Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 50% Overdrive. 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. COLLECTOR 
3. EMITTER 
4. BASE 
FLANGE-ISOLATED 


MILLIMETERS] INCHES | 
Y MIN | MAX | MIN | MAX | 


Collector Current — Continuous 
— Peak (10 seconds max) 


Total Device Dissipation @ Tc = 25°C 
Derate Above 25°C 


Storage Temperature Range 


12.45 
: 
6.08 | 


Thermal Resistance, Junction to Case ReJc a 


[ 0.200 | 


3.30 


| 0.150 | 
| 0.150 | 
[0.175 | 
3.05 | 3.30 | 0.120 | 
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


Symbot_[ Min [typ | Max [unt 1] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(le = 20 mAdc, lg = O) 


Collector Cutoff Current 
(Voge = 15 Vde, Vege = 0, Tc = 25°C) 
ON CHARACTERISTICS 
DC Current Gain 

(ic = 4.0 Adc, Veg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vcog = 12.5 Vde, Ile = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 45 Wi lc (Max) = 5.8 Adc, f = 470 MHz) 
Input Power 
(Vcc = 12.5 Vdc, Pout = 45 W, f = 470 MHz) 
Collector Efficiency 
(Voc = 12.5 Vdc, Pout = 45 W, Ic (Max) = 
Load Mismatch Stress 
(Vcc = 16 Vdc, Pj, = Note 1, f = 470 MHz, VSWR = 20:1, 
All Phase Angles) 
Series Equivalent Input Impedance 

(Voc = 12.5 Vde, Pout = 45 W, f = 470 MHz) 
Series Equivalent Output Impedance 
(Vcc = 12.5 Vdc, Pout = 45 W, f = 470 MHz) 


5.8 Adc, f = 470 MHz) 


1. Pin = 150% of Drive Requirement for 45 W output @ 12.5 V. 


* w = Mismatch stress factor—the electrical criterion established to verify the device resistance to load mismatch failure, The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 


** ZOL = Conjugate of the load impedance into which the device output operates at a given output power, n7, and frequency. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


C5 : L2 
= C37 - Cg 


| | , 
| 
| 
| [za } a7} 
a zi bY 23] Se 
| 
Ci : c4 C7 c8& 
; | 


Eee tere RSeres, | ane ane ae eee = 
c1,C8 1.0—20 pF JOHANSON L2 5° # 20 AWG, 0.1" 1.D. 
C2 100 pF UNELCO RFC1 Ferroxcube VR200-20-48 
C3, C6 33 PF 100 mil ATC Z1 0.525” x 0.190" Microstrip 
c4 30 pF 100 mil ATC 22 1.475" x 0.190” Microstrip 
c5 33 pF-100 mil ATC Z3, 24 (0.2 x 0.2)/0.25 Alumina 
Cc? 1—10 PF JOHANSON zZ5 0.190” x 0.190” Microstrip 
c9 100 pF 100 mil ATC Z6 1.150"' x 0.190” Microstrip 
C1i0,C13 1HF 35 V TANTALUM 27 0.660” x 0.190"' Microstrip 
C11, C12 680 pF Feedthrough Board 62.5 mil Glass Tefion, 
B Ferroxcube Bead 56-590-65-3B €R = 2.55,A = 0.0018 
L1 5° # 22 AWG, 0.1" 1.D. 
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Pout, POWER OUTPUT (WATTS) Pout, POWER OUTPUT (WATTS) 


Ic, COLLECTOR CURRENT (AMPS) 


Pout vs Pin 
470 MHz 


4.0 6.0 8.0 10 12 . 14 «15 16 1 
Pin, POWER INPUT (WATTS) 


FIGURE 4 — POWER OUTPUT versus SUPPLY VOLTAGE 
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FIGURE 6 — DC SAFE OPERATING AREA 
eee a ee ae 
is on ha alee 
OM de Ue ea ae 1a bd 
a Pea 
oe oe baie 
a sl 
1 Fl 
ia ae a a 
is ae feed 

0 
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FIGURE 3 — POWER OUTPUT versus FREQUENCY 
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FIGURE 5 — POWER SATURATION PROFILE 
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FIGURE 7 — SERIES EQUIVALENT 
INPUT-OUTPUT IMPEDANCE 
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TEST CIRCUIT TEST FIXTURE 


MRF646 TEST CIRCUIT 8/75 REV. 01 


(AA) MOTOROLA Semiconductor Products Inc. 


19-AN 


MOTOROLA MRFG4S 


Semiconductors 


BOX 20912 e PHOENIX, ARIZONA 85036 


mn The RF Line | 


60 W — 470 MHz 


CONTROLLED O 


NPN SILICON RF POWER TRANSISTOR | RF POWER 
TRANSISTOR 


NPN SILICON . 
_.. designed for 12.5 Volt UHF targe-signal amplifier applications in 


industrial and commercial FM equipment operating to 512 MHz. 


Specified 12.5 Volt, 470 MHz Characteristics -- 
Output Power = 60 Watts 
Minimum Gain = 4.4 dB 
Efficiency = 55% 

Characterized with Series Equivalent Large-Signal Impedance 
Parameters 

Built-In Matching Network for Broadband Operation 

100% Tested for Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 16-Volt High Line and 20% Overdrive 


MAXIMUM RATINGS 
. Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage STYLE 1 

Collector Current — Continuous 10 a 5 acu eOk 
~ Peak (10 seconds) 13 EMITTER 

Total Device Dissipation @ T¢ = 25°C FLANGE te 

Derate Above 25°C 1.33 


Storage Temperature Range RG -65 to +150 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 0.75 


CASE 316-01 


19.-A1 
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ELECTRICAL CHARACTERISTICS (te? 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(t¢ = 50 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Vg_E = 0) 


Emitter-Base Breakdown Voltage 
(Ie - 5.0 mAde, Ie - 0) 


Collector Cutoff Current 


ON CHARACTERISTICS 


DC Current Gain hee 20 70 150 
(Ic = 6.0 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS . 


Output Capacitance ; 
(Vog 12.5 Vde, l_ - 0, f- 1.0MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Veco = 12.5 Vdc, Pour = 60 W, f = 470 MHz) 
Input Power 


(Veg = 12.6 Vdc, Poy, = BOW, f = 470 MHz! 


Collector Efficiency 
(Voce 12.5 Vde,P,, GOW, f * 470 MHz) 


Output Mismatch Stress Vv" No Degradation in Output Power 
(Vcc = 16 Vde, Pin = 26 W, f = 470 MHz, VSWR = 20:1, 
All Phase Angles) 


Notes: 


* w Mismatch stress factor the electrical criterion established to verify the device resistance to load mistnatch failure. The mismatch 
stress test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 


ae 


Zou Conjugate of the load tmpeddnce into which the device output operates at a given output power and frequency. 


FIGURE 1 — TEST CIRCUIT SCHEMATIC 


RFC} 
B t 
oe) 12.5 Vde 
C3 ib ae 
L1 c4 C6 L2 
| 24 | os 
2 
y / 
C1 C2 C5 C8 C10 

# 
Ci, C2, C8, C10 1 20 pF Johanson C12, C13 G80 pF Feedthrough Z2 1.39"' X 0.190" Microstrip 
C3 200 pF Unelco B Ferroxcube Bead 56 590 65 3B 23,249 (0.2 X 0.2)/0.25 Alumina 
c4, C5 33 pF 100m:11 ATC 1 10 Turns =26 AWG 0.1" 1.0. X 0.23" Z5 1.30°' X 0.190" Microstrip 
C6, C7 36 pF 100mii ATC L2 10 Turns =20 AWG 01" 1.0. X 0.50" Z6 0.330'' X 0.190” Microstrip 
cg 100 pF 100mil ATC RFC1 Ferroxcube VR200 19 4B Board 62.5mil Glass Teflon, Cet 2.55, 
C11, C14 1.0 uF 35 V Tantalum Z1 0.46" X 0.190" Microstrip A = 0.0018, Dimension: 


5.0°° X 3.0" X 0.06" 


(M) MOTOROLA Semiconductor Products inc. 


12-42 


MRF648 


FIGURE 2 — POWER OUTPUT versus FIGURE 3 — POWER OUTPUT versus 
POWER INPUT FREQUENCY 
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FIGURE 6 — SERIES EQUIVALENT 


INPUT-OUTPUT IMPEDANCE 
Gm ae 

eeeae 
CA 
naan 


sraiagprssis ates 


oly 
ae 


MHz 


0.76+j3.1 | 0.97 +j2.4 
430 0.80+j3.2 | 1.05+ 2.5 
450 0.82+j3.3 | 1.10+j2.7 
470 1,00+j3.4 | 1.104 2.9 
512 | 1.30+)3.3 | 0.80+ 53.1 

Pout = 80 W, Voc = 12.5 VOLTS 
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TEST CIRCUIT TEST FIXTURE 


1.85” 1.25" : 1.90" 
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“"CQ’’, Modular Techniques 
Miake 45 Watt UHF Amplifier Practicai 


Prepared by: 
Rich Potyka 


Gordon McIntosh 


Today's two-way radio designer has a wide variety of 
RF, IF and audio ICs available to him for the simplifica- 
tion of both receiver and low-level transmitter circuits. 
The designer of high-level circuits is not quite so fortu- 
nate, although Motorola's UHF Power Modules and Con- 
trolled-Q transistors are close to being counterparts of 
the low-level ICs. By way of demonstration, one of each 
is used in this design for a practical 12.5 V.45 W broad- 
band UHF amplitier. 


UHF Power Modules 


The MHW709 (7.5 W) and the MHW710 (13 W) ampli- 
fiers are multistage, modular, power amplifiers for the 
400- to 470-MHz communications band. They are 50 
ohms in and out building blocks requiring a nominal 100 
or 175 milliwatts of drive at 12.5 Vdc for their specified 
power outputs of 7.5 or 13 watts. For low-power trans- 
mitters of 5 to 10 watts, they may be used as the entire 
driver (power amplifier). . 


MRF644, 646 


This family of “Controlled-Q”’ transistors operate from 
25 to 45 watts output. Designed to follow either a 
power module or a line-up of broadband discrete drivers, 
they feature internal low-pass input matching networks 
and are rated to withstand load mismatches in excess of 
20:1 without damage. 


A Practical Amplifier 


Our broadband demonstration amplifier uses the 
MHW710-2 and MRF646. Its power level is suitable for 
radios in the 35- to 40-watt class where losses in the 
output filter and antenna switch, along with production 
safety margin, approximate 5 to 7 watts. For lower 
power radios an MHW709-MRF644 (25 W) 644 ampli- 
fier could be built using the same techniques. 


Am” Af 


Schematic Diagram/Parts List 
UHF 45 W Amplifier 


RFC3 


MHW 710-2 


R1 1k CTS SF6106 
R2 1/4W 10% — 1082 


RFC1,5,9 FERROXCUBE BEAD 
56-590-65-3B 
RFC2, 3,6 FERROXCUBE VK200 20/48 
RFC4 5S =22 AWG .095” ID 
RFC8 7 TNO. 20 ENAMELED 0.15” 
1D CLOSE WOULD 
RFC7 4TNO. 24 ENAMELED ON 
AXIAL LEAD FORM 0.1 X 0.25” 


C1,4,11 tur, 35 V TANTALUM 
C2,15 O.1uF, 100 V ERIE REDCAP 


Construction 


The majority of the rf and de circuitry is printed on a 
double-sided,.2-ounce copper, 62-mil GIO circuit board. 
A full seale (1:1) reproduction of the circuit-side photo- 
master is shown. The ground side of the board is solid 
foil. Commercial grade G10 (e; © 5) material provides a 
good compromise between cost and rf circuit losses. By 
using the two-sided board. microstrip style distributed 
inductors can be printed which are very consistent and 
independent of chassis or heatsink grounds. Multiple 
rivets, marked ‘@e” on the layout, are used to connect 
the circuit-side ground pads with the bottom ground- 
plane. The de distribution circuit is mounted on a 
copper angle bar. For demonstration purposes, the input 
and output connectors, as well as the de conneetors, are 
mounted on this bar. 


+ 


RFC6 12.5 Vde 


RF 
F 
Bee? OUTPUT 
= 
C17 


C3,5, 10,12 680 pF ALLEN BRADLEY 
FEEDTHROUGH 

C6 pF UNELCO — 5 pF 

C7 25 pF UNELCO 

C8,C13. 14 UNELCO — 30 pF 

C16 10 9F UNELCO 

C17 0.18 uF, CHIPCAP, VITROMON 

(2 EACH) 
C9 100 pF UNELCO 


BOARD: G10<¢, = 5, t =62 MILS 
2-SIDED 2-02 Cu CLAD 


DC Distribution 


The 25 dB of gain available at 470 MHz necessitates 
proper RF isolation between the active devices for stable 
Operation. A combination of low-inductance feed- 
through capacitors and ferrite chokes assures this. These 
components also provide decoupling of the range from 1 
to 20 MHz where parasitic oscillations are likely to 
occur. To set the power output, a dc control transistor 
and low-current pot are connected to the control pin of 
the MHW710. This control gives a smooth, stable, 6-dB 
gain adjustment and also provides a convenient input 
point tor AGC or SWR shut-down circuits. 


RF Circuits 


Input to the MHW710 is nominally 50 ohms. 
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GAIN SET 


INCREASE | 


+12.5 Vde 


25-45 WPA 
: REV 02 5-73 


PC LAYOUT 


The interstage network consists of a 3-element, low-pass 
filter. This circuit completes the internal transformation 
of the MRF646 “CQ” input network to 50 ohms and, in 
addition, develops.a small amount of frequency compen- 
sation to flatten the overall amplifier response. 


The output matching circuit consists of a 4-element, 
low-pass network. The first series L is made up of the 
transistor lead inductance. Discrete shunt capacitors and 
a printed distributed inductor (microstrip line) make up 
the remaining elements. Capacitor C]6 may be made 
adjustable to compensate for loads other than SO ohms 
- such as output filters or antenna mismatch. 


UNELCO capacitors are used throughout as shunt tuning 


elements on the basis of performance, cost and ease of 
use. ATC ceramic chip capacitors work well also, but 
their cost is several times higher than the UNELCO 
types. Distributed capacitance made up of large areas of 
line may be used, however, the area that would be re- 
quired with this type of board material is prohibitively 
large and the capacitive value less consistent than that of 
the recommended discrete capacitor types. 


A selective, low-frequency loading network (R2, RFC7, 
C15) shunts the collector of the MRF646 to damp oscil- 
lation at frequencies less than 50 MHz during high SWR 
(6:1) load mismatches. Similarly, the base decoupling 
network selectively provides a high Q return at 450 
MHz, and alossy load below approximately 50 MHz. 


19-A7 


FREQUENCY IN MHz 


POWER — WATTS 


430 440 450 460 470 480 


Figure 1 


Performance 


Figure 1 shows the swept Power Out—-vs. ‘Frequency for 
a 175-mW drive (control fixed for 45 W out at 470 
MHz). Figure 2 is the output spectrum for a 470-MHz 
CW carrier. All harmonics are greater than 40 dB below 
the carrier level. No noncoherent spurious output exists 
for any condition of drive or supply voltage. 


Move Over, ICs 


As our design demonstrates, the MHW709-710 and the 
MRF644, 646 products are truly practical high-power 
building blocks for the UHF radio designer. They enable 
him to select the appropriate combination of module 
and “‘Controlled-Q” transistor, and build simple, low- 
cost and easily reproducible amplifiers providing up to 
-45 W of broadband power in the 400- to 480-MHz com- 
munications band. 


References: 
MHW710, MHW709, MRF646 Data Sheets 
AN-555 Mounting Techniques 


FREQUENCY IN GHz 


DECIBELS 


cules 
-—50 
aar'ee 


04 05 06 07 08 0.9 10 1.1 1213 1415 16 


Figure 2 


MHW710-2/MRF646 Amplifier 
Pin — 175 mw 


Adjusted for 45 W Adjust for 
7 @ 470 MHz . Max Pout 


Freq Pout Ic n Freq Pout Ic n 
MHz W aie % MHz W a & 


430 48.0 10.5 37 450 60.0 10.8 
440 50.0 9.7 4) 460 56.0 9.7 46 
450 495 9.0 44 470 53.0 9.2 46 
460 48.0 8.35 46 
470 45.0 7.75 46 
480 39.0 


Harmonics. 470 MHz 45 W output 
2nd -45 dB 
3rd _ -.53 dB 
4th . 72 dB 


MOTOROLA Semiconductor Products Inc. 
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ONE CQ TRANSISTOR — TWO 45 W UHF AMPLIFIERS 


Prepared by: 
Gordon Mcintosh 


This Engineering Bulletin describes the design and as- 
sembly techniques necessary to produce a 12.5 V.45 W, 
UHF amplifier. Because different requirements for band- 
width exist at this power level and frequency, two dif- 
ferent design schemes are discussed. The first is a low 
cost amplifier using low cost UNELCO**-type capacitors 
for applications where wide bandwidth is not necessary. 
(Figure la.) The second approach uses high Q, low 
parasitic inductance, ceramic chip capacitors to achieve 
wider bandwidth. (Figure 1b.) 


The amplifier design is based upon Motorola's newly 
introduced MRF646, a 12.5 V, internally matched *CQ 
transistor (Figure 2). The MRF646 features controlled 
impedance and ruggedized performance guaranteed by 
100% testing for Gpe. Nc, input VSWR and burnout ina 
fix tuned circuit. Ruggedization of the MRF646 has 
been accomplished by a computer designed thermal lay- 
*CQ is a trademark of Motorola, Inc. 


**UNELCO is a trademark of Underwood Electric Div., 
Standex Electronics 


FIGURE 1 (a). 


out of the die, resistor ballasting of each emitter site and 
careful control of die to heatsink thermal resistance. 
Burnout testing is done at 16 Vcc and 150% overdrive. 
(150% over typical drive necessary to make 45 W Pout.) 


Internal matching! is a transforming network built in- 
side the transistor package necessary to raise the low 
base impedance (0.25 - j0.25Q2) to a level usable by cir- 
cuit designers. (Figure 2.) Comprised of wire bonds and 
a single MOS capacitor, this network is the first three 
elements in a six element low pass transforming filter 
from chip base impedance to fifty ohms and was de- 
signed to give optimum performance over the 450-512 
MHz band. The device package also contains one output 
network element which is the collector series trans- 
mission line (Zs). Careful control of input and output 
impedance is made possible by precision assembly tech- 
niques which include accurate die placement under 


128-19 Controlled Q RF Technology | 


FIGURE 1(b). 
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reticule eyepiece and utilization of automated wire 
bonders. Typical impedances are presented in Table 1, 
Figure 3. 


Performance goals for the amplifiers were as follows: 

1. The low cost amplifier will operate over the 450-470 
MHz commercial band and the improved version will 
operate from 450-512 MHz. 

2. Amplifiers will deliver 45 W into fifty ohms with 
collector efficiency greater than 50%. 

3. All harmonics are to be 30 dB below 45 W. 

4. Amplifiers will not oscillate when output is terminated 
with a 6:1 load mismatch at any phase angle and no 
spurious output will result from any combination of 
reduced drive and supply voltage. 


Design considerations to meet these requirements in- 
clude initial “paper” design, component selection on the 
basis of theoretical design, and the printed circuit board 
layout. The “paper” design includes taking the imped- 
ances data published on the MRF646 data sheet, select- 
ing the correct network to accomplish the desired trans- 
formations and using either computer optimization, 
Smith Charts, or impedance matching tables2. to arrive at 
idealized component values. 


In the design- presented (Figure 4), three element low 
pass filter networks were selected for both input and 
output. The input network is an extension of the in- 
ternal matching, completing the six element transform- 
ing network from device base impedance to 50 ohms. 
The output network completes the 4 element network 
from device collector to fifty ohms and presents an 
impedance to the collector (Zo; *) which allows the 
transistor to operate at the desired output power and 
efficiency over a given bandwidth. The networks for the 
input and output are similar and are comprised of a 
shunt capacitor, a series transmission line and a shunt 


2George L. Matthaei, ‘““Tables of Chefyshev Impedance-Transform- 
ing Networks of Low-pass Filter Form,” Proceedings of 
the IRE, Vol. 52, p. 939 (August, 1964). 


. COLLECTOR 
BASE CONNECTION 


CONNECTION 
EMITTER 


| CONNECTION 


WB — WIRE BOND 
MC — METAL - OXIDE - SILICON 
CAPACITOR 


FIGURE 2 (a). Internal Matching, MRF646 


capacitor. The transmission line is used instead of an 
inductor because it may be printed, thus reducing costs 
and improving circuit consistency. Also, the transmission 
line may be used to transform the real part of the imped- 
ance whereas the inductor cannot. 


Rule of thumb design aids may be of use to start an 
initial design. Using a Smith Chart with normalized 
admittance and impedance coordinates (Figure 3), we 
begin by defining the transistor as the load and the fifty 
ohm point as the source. All impedances are then 
normalized to the characteristic impedance of the series 
transmission lines used in the matching network (Z 
normalized = Z = Z/Zo). In the design example pre- 
sented (Figure 3), we will transform the input imped- 
ance at midband (470 MHz) to 50 ohms. Starting at the 
load (transistor), Ck will transform the impedance along 
the circle of constant conductance, aj = Zo, until the 


real axis is reached. X? 

Z, =X ,+jY, = Transistor input impedance 
Xy2 +2 

X9 = cae = Transformed real impedance at 


capacitor Cy, 


Ck is the parallel combination of C 2 and C2 in Figure 4. 


The normalized capacitive reactance, Xop, necessary to 
accomplish this transform, may be read from the Smith 
Chart by reading the normalized susceptance at the tran- 
sistor and taking its inverse. An exact expression will aid 
in compressed regions of the Smith Chart. 


X12 + Y)2 
eo 
Y] 
es eee 
(w) (X12 + Y12) 


FIGURE 2 (b) 
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CONDUCTANCE 


CIRCLE ay = X 


he 
CONSTANT 
CONDUCTANCE 


CIRCLE @ = = 


Yo ¥ 


x 


0.38 


i") 
OF REFLECTION COEFFICIENT iy 3 
r ;- & CGREES 


Sex | Freq | ZN L 
324.103 | 1.274)2.79 | .033+).073 
1.204}2.80 | .032+).074 

024+4.088 


043+j.099 | 0.93+)3.36 


450 | 1.214)3.91 | 032+). 
oF | 470 | 1.414)3.96 | .0374j.104 
> 512 | 1.644j3.75 | 043+), 


O.4g 


° 
eco 
210 


CONSTANT 
VSWR 


ZQ 
CIRCLE 04 = 5~ 
2 


Zo 
3 


-EIGURE 3. MRE646 Amplifier Input Network Design, 470MHz 


The transmission line (characteristic impedance Zo) will 


- now transform the impedance (Z2 = X2 + jO) along the 


circle of constant VSWR (01 = Zo/X2) toward the gen- 
erator until it intersects the normalized constant con- 


. £2 
ductance circle (a9 = 5)” 


The characteristic impedance of the transmission line, 


Zo, has to be greater than or equal to the geometric 


mean between X72 and 50 ohms. 


X12 + Y12) (50 
Zo2 lex) (50)} Q= [arsyiaco) Q 


Also, the characteristic impedance should be low enough 
to minimize I2R losses. In our design 38 ohms was 
chosen for the characteristic impedance. 


The electrical length of the line may be obtained by 
drawing a line from the center of the chart through the 
point where o, and a> intersected to the edge of the 
chart. The length in wavelengths is read from the scale 
marked “wavelengths toward generator.” The length 
may also be obtained from the following expression: 


1 
g= 28 tan! | X2Ro - 2°] ‘ 
Zo? - RoX2 
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where Xg is the guided wavelength 
Ro = source impedance (usually 50Q) 


valid for Zo2 > RoX2 


One additional capacitor, Cj, will now finish the trans- 

form to 50 + j09. The normalized capacitive reactance 

may be obtained by reading the susceptance where Oj = 

a2 and taking its inverse or by using the relationship: 
X32 + Y32 Y3 


Xop = ————— 2 or C] = -——- 2 
1 ¥3 ee @) (X32 + ¥32) 


The component values obtained by using these simple 
techniques will usually be good enough to get within a 
2:1 VSWR across a moderate bandwidth. For more 
critical performance goals across wide bandwidths, com- 
puter aided designs or impedance matching tables may 
be used. 


After a satisfactory theoretical design is completed, the 
components necessary to accomplish it must be chosen. 
Because of the parasitics associated with real compo- 
nents at this frequency and power level, this selection 
may be the major difficulty in realizing a design using 
idealized components. The parasitic elements associated 
with real capacitors are resistance and inductance which 
lower the Q and increase the effective capacitance. That 
is: 


oC-o Cerf = om 


C _ XCefp — XC - XL 


Ceff = - — Q 

ae Wee Rg Rg 
where C is the low frequency capacitance; L and 
Rg are the associated high frequency parasitics. 


This increase in the effective capacitance as frequency 
increases is an extremely undesirable effect and limits 
bandwidth as L increases. Table 2 gives values of parasi- 
tic L for different capacitors of use at UHF. As can be 
seen, the ceramic chip capacitor has the least parasitic 
inductance of those tested, and also has the highest Q. 


Other parasitic elements of concern to the designer are 
those associated with transmission lines. This includes 


TABLE 2 


Parasitic 
Inductance 


~0.3 nH 
0.7 nH 


Capacitor Type 


ATC 50 mil chip capacitor 
ATC 100 mil chip capacitor 
ERIE 100 mil chip capacitor 0.7 nH 

UNELCO type capacitor 2.5-10.0 nH* 


_ “Dependent On Mounting Configuration 
Data taken at 50 and 100 MHz 


R1 C14 


4 7 eae 


C15 
RF 


FIGURE 4. Schematic Diagram, 45W UHF Amplifier Using MRF646 
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resistance, dielectric losses and fringing capacitance. 

These parasitics, however, may be made negligible if 

proper layout techniques are used. These techniques 

include: 

1. Keeping the ground plane greater than 3 dielectric 
thickness away from‘ the line to prevent fringing 
capacitance. 

2. Mitering any corners on the transmission line to elim- 
inate discontinuities in Zo along the line in the form 
of small lumped capacitive mismatches. 

3. Using as low a Zo line as possible to reduce the I2R 
losses. 


Also important in the layout of the amplifier is the 
elimination of long ground returns. This is especially 
critical for components in the matching network that are 
at low impedance levels such as C2 - C5 (Figure 4). Here 
any additional inductance or resistance in the ground 
path will reduce the effective Q of the component. For 
this reason, two capacitors of equal value are used in 
parallel—one on each side of the transistor. This is not as 
critical for matching elements at higher impedance 
levels, but good grounds are still required. The backside 
of the circuit board should be a continuous ground plane 
and eyelets or plated through holes to the top side will 
reduce ground path lengths. 


UNELCO Capacitor Amplifier 
5 pF UNELCO capacitor 

30 pF UNELCO capacitor 

30 pF UNELCO capacitor 


18,000 pF Vitromon chip capacitor 
1.0 uF 35v tantalum 

1000 pF UNELCO capacitor 

0.1 wF ERIE ceramic capacitor 


0.350" X 0.250” microstrip 
1.55" X 0.250" microstrip 


0.625" X 0.250” microstrip 
0.750" X 0.250” microstrip 

1.15”" X 0.250” microstrip 

102 20% 1/4 W carbon resistor 
3T #22 AWG 0:095” I.D. 
Ferroxcube VK200 - 20 - 4B 
Ferroxcube bead 56 - 590 - 65 - 3B 


1-10 pF Johanson variable capacitor 


2-18,000 pF Vitromon chip capacitor 


4.2" X 0.080" microstrip (4/4 @ 450 MHz) 
4.2" X 0.100” microstrip (V4 @ 450 MHz) 


The prototype amplifiers were built on 3" x 4'' printed 


circuit board with the series transmission lines and D.C. 
feeds printed on the board. The circuit board is 62 mil, 
2-side, 2 oz. copper clad fiber glass reinforced teflon. 
The material was selected for dielectric consistency and 
low losses. (ER = 2.55, 5 = .0018) 


Printed collector and base D.C. feeds are high impedance 


A/4 transmission lines and should be terminated with 
high Q chip capacitors. This combination provides very 
good isolation between device and supply line at the 
operating frequency. Further decoupling of the collector 
at frequencies where parasitic oscillations are likely to 
occur is provided by Cy9, C11, C12, C13, and RFC}. 
(Figure 4.) A selective low frequency feedback network 
(Cj4, Lj, Rj) from the collector to ground damps 
oscillations below SO MHz during load mismatch. 


Mounting the transistor should be given special consider- 
ation. The heatsink under the device should be flat 
(+.001’ - 000°’) and a thin (= .001’’) coat of thermal 
compound should be applied to the flange bottom be- 
fore installation. To prevent stress to the transistor 
B.E.O., the leads should be level with the printed circuit 
board and the device should be secured to the heatsink 
before being soldered into the circuit. 


Chip Capacitor Amplifier 
1-10 pF Johanson variable capacitor 
27 pF ATC 100 case B chip capacitor 

43 pF ATC 100 case B chip capacitor 

10 pF ATC 100 case B chip capacitor 

1-10 pF Johanson variable capacitor 
18,000 pF Vitromon chip capacitor 

1.0 uF 35v tantalum 

1000 pF UNELCO capacitor 

0.1 uF ERIE ceramic capacitor 

150 pF ATC 100 case B chip capacitor 
0.90” X 0.250” microstrip 
1.01” X 0.250”. microstrip 

4.2” X 0.080” microstrip (4/4 @ 450 MHz) 
4.2" X 0.100" microstrip (4/4 @ 450 MHz) 
0.625” XK 0.250" microstrip 
0.750" X 0.250" microstrip 

1.15” X 0.250” microstrip 

102 20% 1/4 W carbon resistor 

3T #22 AWG 0.095” [.D. 
Ferroxcube VK200 - 20 - 4B 
Ferroxcube bead 56 - 590 - 65 - 3B 


FIGURE 5. Parts List 
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Output (dB) 


PERFORMANCE CURVES 


UNELCO Capacitor Amplifier Chip Capacitor Amplifier 


FIGURE 6 
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! eae 
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FIGURE 7 


- Becet B  e  re t 60 
Pout vs. Frequency 1SWPin | 


VSWR vs. Frequency 12.5 Vcc 
Te vs. Frequency 
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90 


Pair vs. Frequency 15W Pin 


VSWR vs. Frequency 12.5 Vcc 


= ee Ne vs. Frequency 


) 
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Power Output (Watts 
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10 
0 
440 480 490 500 510 520 440 450 460 470 480 490 500 510 520 
Frequency (MHz) : Frequency (MHz) 
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FIGURE 8 
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45 W Reference Level [ Spectral Output 


-15 


Output (dB) 
é 


460 920 1380 . 1840 2300 
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gg Denotes 4-40 Screw placement (6) 
| | Denotes eyelet placement (27) 


*dWV JHN °M SP 


Rev. 02 11/75 


FIGURE 9. PC Board Layout 


MOTOROLA Semiconductor Products inc. 
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MICROSTRIP DESIGN TECHNIQUES FOR 
UHF AMPLIFIERS 


Prepared by: 
Gienn Young 


INTRODUCTION 


This note uses a 25 watt UHF amplifier design as a 
vehicle to discuss microstrip design techniques. The design 
concentrates on impedance matching and microstrip con- 
struction considerations. A basic knowledge of Smith chart 
techniques is helpful in understanding this note. | 

The amplifier itself, as shown in Figure 1, provides 25 
watts of output power in the 450 - 512 MHz UHF band. 
It is designed for 12.5 volt operation which makes it use- 
ful for mobile transmitting equipment. A variety of police, 
taxi, trucking and utility maintenance communication 
systems operate in this band. 

Asummary of the performance of the completed ampli- 
fier operating with a 12.5 volt supply at 512 MHz indi- 
cates a power gain of 16 dB and a bandwidth (-1 dB) of 
8 MHz. Overall efficiency is 48.5% and all harmonics are 
a minimum of 20 dB below the fundamental output. 


Microstrip 


. ; Line 
Microstrip 


50 St ¢10 Line CLL 
WWW 2N5945 


La « 


a2 
ew, 


All Microstrip lines 5.72 mm wide 2.5 cm fong 
C1,2,3, 470 pf feedthru 
C4,5,6 1.0 uf Tantalum 
C7,8,9 0.1 uf Ceramic 


€C10,11,13,15,16,17 1.5-20 pf Compression Trimmer ARCO 420 


C12,14 10pf Microwave capacitor ATC type 
100-B-10-M-MS or equiv. 


Sections on construction and device handling consider- 
ations are also presented. 


MICROSTRIP DESIGN CONSIDERATIONS 

Microstrip design was used for this amplifier due to its 
inherent superiority over other methods at this frequency. 
These techniques not only offer good compatibility with 
the Motorola “stripline” package but they also offer very 
good reproducibility. Microstrip construction is more 
efficient than lumped constant equivalents since micro- 
strip lines are less lossy than lumped constant components. 

Microstrip board with Teflon bonded fiberglass dielec- 
tric rather than the higher dielectric constant ceramics was 
chosen due to the ease of working with that type of materi- 
al. A substrate thickness of 1/16-inch is convenient since 
a line of the same width as the transistor leads (0.225 
inch) produces a reasonable characteristic impedance (Z,) of 
40.65 ohms. The value of the characteristic impedance is 


+12.5 Vdc 


Microstrip 


Line 
Microstrip 


Line Ba WWM, 


2N5946 


Ferrite Beads 


L1, L2, L3 — 5 turns #20 Closewound 3/16” |.D. 
L4, L5, L6 — 0.15 wh molded choke 

L7, L8 — Ferroxcube VK 200 20/4B or equiv. 
Ferrite beads are Ferroxcube 
56 590 65/3B or equiv. 


FIGURE 1 — Schematic Diagram of 25 W UHF Amplifier 


calculated from: 4 
377h 


JérxW [1+ 1.735 e974 (eye | 


where é; = dielectric constant 
W = width of microstrip line 
h = thickness of the dielectric 
The h term is equal to the total thickness of the micro- 
strip board minus the thickness of the copper on both 
sides. In this design that term is equal to 
h= 62 -(2x 1.4) = 59.2 mils 
1 oz. copper = 1.4 mils thick 


Zo () 


(2) 


The effective width should be used when the con-_ 


ductor is of finite thickness. - 
t 2h 
Weff = W + — (In — +1) (3) 
Tt 
where t = thickness of the conductor 


2x 59.2 
Weff = 225 + (1.4/n) (n 2223 + 7 = 227.4 mils 


4 
therefore: (4) 
oe 377 x .0592 — 

0” £25 x 2274 [141.735x2.5 °7* x 
eerie cinsectheseceesereneteteareeses eet 
:.( 355] | = 40.652 (5) 


THE AMPLIFIER DESIGN 


The first decision in the design was determining the type 
of matching networks to be used. The network shown in 
Figure 3 was chosen because of its ability to “map” a 
large area of complex impedances; this allows a good tuning 
margin to compensate for normal variations in transistor 
impedances and other peripheral effects. A side benefit of 
this network is that the series tuning element provides the 
dc blocking function, eliminating the need for coupling 


- capacitors. 


The synthesis of the matching networks utilizes the large 
signal impedances of the transistors as specified on the data 
sheets. These parameters should not be confused with 
small signal 2-port parameters. A complete discussion of 
large signal characterization is given in Motorola Appli- 
cation note AN-282A. The impedance parameters used in 
this note are taken from the respective data sheets and 


2N5945 
Zin 1.34+j7.5 ohms 
Zout 4:6-j5.4 ohms 
2N5946 
Zin 1.34 j41.2 ohms 


Zout 4:2 -j0.5 ohms 
2N6136 

Zin 1.3 +j)4.110hms 
Zout 3-2+j 1.960hms 


FIGURE 2 — Transistor Complex Input and 
Output I|mpedance at 470 MHz (Series Form) 


were obtained in the manner described in AN282A. 


Smith chart techniques are used to synthesize the match- 
ing networks in the amplifier to be described. The complex 
series equivalent input and output impedances as taken 
from the data sheets are shown in Figure 2. There are an 


infinite number of solutions to the required matching net- 
works, however, once an initial choice of one of the com- 


ponents is made, only one solution exists. It is obvious 
that all components need to be kept within reasonable 
limits, however it would seem that the most critical para- 
meter is the length of the microstrip line. Using this 
assumption, the length of the line is chosen as a starting 
point. The input network, shown in Figure 3 will be solved 
to illustrate the technique. 


L4= Microstrip Line 5.72 mm wide 2.5 cm long 
Cy = 4.08 pF- 
Cy = 16.84 pf 


FIGURE 3 — Equivalent Circuit of Input Network 


Before proceeding to determine the component values, 
the effective wavelength of the desired frequency in the 
microstrip line must be known. This is accomplished by 
first finding Ao, the wavelength in free space: 


ecto 108 = 0.638 meters (6) 


No =n 7 - 
° freq 4.7 x 108 
where c = propagation constant, free space 
The TEM mode wavelength is determined: 


Nese NG (e )I/? = 63.8cm/ (2.5)!/2 = 40.37em (7) 


TEM 
Now as the propagation in microstrip line is not pure 


TEM mode, a correction factor must be applied to the last 


calculation.4 


€r 1/2 


K= 


a 1225 
1 +0.63 (é -(¥) 


1225 


1+ 0.63 (2.5-1) (227.4/59.2) 
Then: 

XN = (Atem) (K) = (40.37) (1.086) = 43.85 cm (9) 
This is ‘the effective wavelength and will be used in all 
further calculations. Equation 8 is valid for width to 
height ratios of 0.6:1 or greater. For ratios less than 
0.6:1 alter the (w/h) factor in the denominator to 
(w/h) 2297 ) - 

The source and load impedances must now be normal- 
ized to the 40.65 characteristic impedance of the line and 
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FIGURE 4 — Smith Chart Solution 


plotted on the Smith chart. It should be noted that the 
terms “source” and “load” are used here only in reference 
to the Smith chart solution. 
A source impedance of 50 + j0 is normalized to 1.23 

+ j0 and a load impedance of 1.3 + j1.5 is normalized to 
0.032 + j0.0369 . The load impedance is plotted at point A 
in Figure 4 and the source impedance at point F. An arbi- 
trary choice of 2.5 cm for the line length was made. This 
is an electrical length of: 

electrical length = line length/A’ 

= 2.5 cm/43.85 cm = 0.057 A (10) 
Point A is rotated on a constant VSWR circle 0.057 i 
toward the generator to point B. Reactance must now be 
added in parallel with the impedance presented at the end 
of the line just plotted. As parallel additions are more 
easily handled in admittance form, point B is converted to 
an admittance by rotating it one-quarter wavelength on the 
same constant VSWR circle. This results in point C in 
Figure 4. The constant conductance circle that point C lies 
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on is noted to be 0.23. The problem now is to move along 
this circle towards the generator until the reciprocal of the 
constant resistance circle of the source impedance is inter- 
cepted. This circle does not exist ona standard Smith chart 
and must be constructed. 

This is done by determining the radius of the constant 
resistance circle representing the real part of the source 
impedance and then constructing a circle of equal radius 
with its center on the real axis and its circumference tangent 


to the outer radius of the chart at zero resistance. When 
this is done the intercept with the 0.23 constant real circle 


is seen to lie at point D. The amount of parallel susceptance 
needed to move from point C to point D is: 


Bcp = (Bc - Bp) (Yo) = 
(2.4 - 0.38) (24.6) = 49.72 mmhos (11) 


This is a parallel capacitance of: 
Cp = Bcp/2nf = 49.72/(27)(470 x 10°) = 16.84 pF (12) 


All that remains to finish the solution is to determine 


the amount of reactance necessary to reach the source at 


point F. To do this, it is first necessary to transpose point D, 

which is an admittance, to an impedance. This is accom- 

plished by rotating point D one-quarter wavelength on a 

constant VSWR circle. This moves point D to point E 

which is on the 2.04 reactance line thus representing a 

series reactance of: 

XCS = (XE) ® (Zg) = (2.04) © (40.65) = 82.9 ohms = (13) 

A series capacitance with this reactance is: 

Cs = ——____ = —-_—____——- = 408 pF (14) 
(27) (f) (Xs) (27) (470 x 106) (82.9) | 

This completes the solution for the input network. 


The interstage networks as well as the output network 
are solved in similar fashion with the following differences. 


In the case of the interstage networks when the imaginary . 


term of the source impedance is other than zero, point F 
would be plotted at the complex conjugate of the source 
impedance. In the output network solution the “source” 
is the output load of the amplifier (50 + jO0) and the “load” 
is the collector impedance of the output device. 


[450 MHz | 480MHz | 512MHz | 
TPowerGen | tea» | 17.24» | 16a _| 
Overall Efficiency 44.5% 46.5% 48.5% | 

| Harmonics ss All Harmonics Better Than -20 db 


i Stability Amplifier Stable under all Conditions of {| 
Drive down to Vec = 5.0 volts 


[Power Ourput [| 28w =| 2w | 25w | 
Burnout No Damageto any Transistor with Load Open 
& Shorted with Oto + 180° Phase Angle 


FIGURE 5 — Typical Performance Specifications 


2.5 cm 2 2.5cm —~-m 


(0.98”) (0.98”’) 


0.290 dia Spe 


Figure 5 gives details on the performance of the com- 
pleted amplifier. The use of the porcelain dielectric chip 
capacitors for the series elements in the interstage networks 
was found to provide an additional 2.5 to 3.0 dB of gain 
over that obtained with compression trimmers as well as 
reducing the number of tuning adjustments necessary. 


CONSTRUCTION CONSIDERATIONS 


As in all RF power applications, solid emitter grounds 
are imperative. In microstrip amplifiers gain can be in- 
creased more than 1] dB by grounding both of the emitter 
leads to the bottom foil of the microstrip board by wrap- 
ing strips of copper foil thru the transistor mounting hole 
as shown in Figure 6. 


Section AA 


FIGURE 6 — Proper Emitter Grounding Method 


2.5 cm 
(0.98°') (0.98"") 


Gl Gl Gee 


2N5945 comneat tae 2N5946 


0.225" TYP 


Board is 1/16" Thick 
Teflon Bonded F iber- 
glass Dielectric with 

1 oz. Copper on both 
sides. 


FIGURE 7a — Microstrip Board Layout 
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FIGURE 7b — Photograph of Amplifier 


Stability under normal operating conditions is essential, 
however, stability should be maintained over as wide a range 
of supply voltage and drive levels as possible. If amplifier 
stability is maintained at all RF drive levels with the supply 
voltage reduced to between three and five volts, the designer 
can be practically certain that the amplifier will remain 
stable under all conditions of load. Maintaining stability 
is a key factor in protecting these transistors from damage. 
In a stable amplifier that has adequate heat sinking, these 
transistors will withstand high VSWR loads including open 
and shorted loads without damage. The major controlling 
factors in obtaining wide range stability are: 


1) Mechanical layout: Good mechanical layout in- 
cludes good emitter grounds (as previously described), com- 
pact layout and short ground paths. 


2) Biasing: The devices are all zero biased for Class “C” 
operation. The use of relatively low Q base chokes with 
ferrite beads on the ground side will maintain good base 
circuit stability. In some applications, the use of a resistor 
in series with the ground side of the base chokes on the out- 
put and driver stages may enhance the stability. Approxi- 
mate values of these resistors should be 10 ohms, 1/2 watt 
for the driver and 1.0 ohms, 1/2 watt for the output device. 
The addition of these series resistors will cause a slight loss 
in gain; (about 0.1 to 0.2 dB overall). | 

3) Collector supply feed method: The collector supply 
feed system is designed to provide decoupling at or near the 
operating frequency and a low collector load impedance at 
frequencies much lower than the operating frequency. 


4) Heat sinking: In order to protect against burnout 
under all conditions of load, adequate heat-sinking must be 


provided. In heat sinking the device it is imperative to use 
a good grade of thermat compound, such as Dow-Corning 
340, on the interface between the device and its heat sink. 

Figure 7a shows the microstrip board layout while 
Figure 7b is a photo of the completed amplifier. 


DEVICE HANDLING CONSIDERATIONS 


Although the Motorola stripline package is a rugged 
assembly, some care in its handling should be observed. The 
most important mechanical parameter is stud-torque, speci- 
fied on the data sheet at 6.5 inch-pounds maximum. This 
data sheet specification is an absolute maximum and should 
not be exceeded under any circumstances. A good limit to 
use in production assembly is 6 inch-pounds and if for any 
reason repeated assembly/dissassembly is required torque 
should be limited to 5 inch-pounds. 

Another major precaution to observe is to avoid upward 
pressure on the leads near the case body. Stresses of this 
type can crack or dislodge the cap. This type stress some- 
times occurs due to adverse tolerance build-up in dimensions 


‘when the device is mounted thru a microstrip board onto 


a heat sink. Many times this type of stress is applied even 
in the most carefully thought out designs due to solder 
build-up on the copper foil when a device is replaced. .In 
device replacement care should be taken to flow all solder 
away from the mounting area before the stud nut is torqued. 
Finally, one must be sure to torque the stud nut before 
soldering the device leads. Refer to Motorola Application 
Note AN-555 for details on mounting Motorola “strip- 
line packaged transistors. 


REFERENCES 


1. P. H. Smith, “Electronic Applications of the Smith 
Chart”, McGraw-Hill, 1969. 

H. A. Wheeler, “‘Transmission-Line Properties of Parallel 
Wide Strips by a Conformal-Mapping Approximation” 
IEEE Trans. Microwave Theory and Techniques 
Vol. MTT-12, May 1964. 


. H. A. Wheeler, “‘Transmission-Line Properties of Parallel 
Strips Separated by a Dielectric Sheet” IEEE Trans. 
Microwave Theory and Techniques Vol. MTT-3, March 
1965. 


. H. Sobol “Extending Microwave and Technology to 
Microwave Equipment” Electronics, March 20, 1967. 


25 


. Microwave Engineers Technical and Buyers Guide, Edi- 
tion of the Microwave Journal, 1969. 


MOTOROLA 


Semiconductors 


BOX 20912 .PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 Volt UHF large-signal amplifier applications 
in industrial and commercial FM equipment operating to 960 MHz. 


® Specified 12.5 Volt, 900 MHz Characteristics — 
Output Power = 0.75 Watts 
Minimum Gain = 10 dB 
Efficiency = 50% 


@ Characterized with Series Equivalent Large-Signal Impedance 
Parameters 


MAXIMUM RATINGS 


dc 
de 
Vde 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range | Tstg [68 to +200 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 
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MRF816 


0.75 W — 900 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


CASE 249-05 


MRF816 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 5.0 mAdc, Ig = 0) 


} Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Vge_ = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 1.0 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 5.0 - 
(Ic = 50 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 


- FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vdc, Poyt = 0.75 W, f = 900 MHz) 


Collector Efficiency 
(Vcc = 12.5 Vdc, Poyt = 0.75 W, f = 900 MHz) 


FIGURE 1 — 900 MHz TEST CIRCUIT 


c9 


RFE 
Output 


C1,2,4,5,6 1.0-10 pF, JOHANSON 5201 L3 5 Turns, #22 AWG, 0.1’ 1.D., 0.35°" Long 
c3 25 pF, UNELCO Z1 Microstripline, 0.3’° Wx 2.07L 
c7,c8s 15 pF, ATC, 50 x 50 Mils 72 Microstripline, 0.3. Wx 0.57 L 
cs 680 pF, ALLEN BRADLEY Feedthru 23,24 Microstripline, 0.3’ W x 0.6 L 
C10 1.0 uF, 35 V, TANTALUM 25 Microstripline, 0.3’ W x 0.4”. L 


1 6 Turns, #26 AWG, 0.1" 1.0., 0.25" Long, Board — Glass Teflon, €p = 2.56, t = 0.062” 
Bead on-ground teed Input/Output Connectors — Type N 
L2 Ferrite Bead, FERRO XCUBE, 56-590-65-38 
, on Lead of L1 


MOTOROLA Semiconductor Products inc. 


anon 


MRF816 


FIGURE 2 — OUTPUT POWER versus INPUT POWER FIGURE 3 — OUTPUT POWER versus FREQUENCY 


1100 


Ly ye 
Wire 
LAL 


ae 


Pout, QUTPUT POWER (mW) 
Pout, OUTPUT POWER (mW) 


AL 
Baal 


Baa 
pf 


800 820 840 860 880 900 920 940 960 
Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 


Pout. OUTPUT POWER (mW) 


tT AT A 
tt AL 


Vcc, SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — SERIES EQUIVALENT IMPEDANCE 
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MOTOROLA — 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| The RF Line ci 
| : | | 2.5 W — 900 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON RF POWER TRANSISTOR NPN SILICON 


... designed for 13.6 Volt UHF large-signal amplifier applications in 
industrial and commercial FM equipment operating to 960 MHz. 


®@ Specified 13.6 Volt, 900 MHz Characteristics — 
Output Power = 2.5 Watts 
Minimum Gain = 6.2 dB 
Efficiency = 50% 
® Characterized with Series Equivalent Large-Signa! Impedance 
Parameters 


MAXIMUM RATINGS 


Collector-E mitter Voltage 
Collector-Base Voltage ; 
Emitter-Base Voltage 
Collector Current — Continuous STYLE 1: 
PIN 1. EMITTER 
2. BASE 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 3. EMITTER 
4. COLLECTOR 


Stud Torque (2) 


(1) These devices are designed for RF operation. The total device dissipation rating applies 
only when the devices are operated as Class C RF Amplifiers. 


(2) For repeated assembly, use 5 In. Lb. 


CASE 244-04 


MRF817 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, tg = 0) 


Collector-Emitter Breakdown Voltage 
(I¢ = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage 
(Ie = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vcpg = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(Ic = 100 mAdc, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Veg = 12.5 Vde, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 13.6 Vdc, Poyt = 2.5 W, f = 900 MHz) 


Collector Efficiency 
(Vcc = 13.6 Vde, Pout = 900 MHz) 


FIGURE 1 — 900 MHz TEST CIRCUIT 


RF input 2, ‘ RFE Output 


Microstrip Board 


1.0-20 pF, JOHANSON S501 
1.0-10 pF, JOHANSON S201 
100 pF UNELCO 
680 pF, ALLEN BRADLEY Feedthru Board — Glass Teflon, Em = 2.56, t = 0.062” 
1.0 uF, 35 V TANTALUM Input/Output Connectors — Type N 


L1,2 Ferrite Bead FERROXCUBE 56-590-65-4A 
on 1/2'', #22 AWG 


(S) MOTOROLA Semiconductor Products inc. 
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MRF817 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 


OUTPUT POWER (WATTS) 


175 Vec = 13.6 Vde 


Pout 
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FIGURE 4 — OUTPUT POWER versus SUPPLY VOLTAGE 
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FIGURE 3— OUTPUT POWER versus FREQUENCY 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


Product Preview 


The RE Line 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-emitter 
amplifier applications in industrial and commercial FM equipment 
operating in the range of 806-947 MHz. 


@® Specified 12.5 Volt, 870 MHz Characteristics: 


Output Power = 1.0 Watt 
Minimum Gain = 6.5 dB 
Efficiency = 60% Typ 


@ Series Equivalent Large-Signal Characterization 


MAXIMUM RATINGS 
Emitter-Base Voltage 
‘Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) | 
Derate Above 25°C 
Storage Temperature Range Tstg -65 to +200 


THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max | Unit 


(1} These devices are designed for RF operation. The total device 
dissipation rating applies only when the devices are operated as 
RF amplifiers. 


This is advance information and specifications are subject to change without notice. 


aan ry 


MRF838 
MRF838A 


1 W-—870 MHz 


RF POWER 
TRANSISTOR 


NPN SILICON 


MRF838A 
CASE 305-01 


rei) 


‘ ad 
YQ 
> 
So 


baad S19 
a Mins 
=) BIND 
~ oO|o 


STYLE }: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4. COLLECTOR 


MRF838 
CASE 305A-01 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 


MRF838 «© MRF8&38A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 10 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Vege = 0) 


Collector Cutoff Current 
(VcE = 15 Vdc, Vee = 0, Tc = 25°C) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, Veg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 

(Vcg = 12.5 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 

(Pout = 1-0 W, Voc = 12.5 Vdc, f = 870 MHz) 
Collector Efficiency 

(Pout = 1.0 W, Vcc = 12.5 Vdc, f = 870 MHz) 


SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
(Vcc = 12.5 Vde, Poy; = 1.0 W) 


2.8 + j4.6 17.1 -j22.2 


2.6 + j5.0 16.6 - j20.0 
2.4 + j5.6 16.3 ~j17.4 
2.3 + j6.2 16.3 - j15.0 


(MA) MOTOROLA Serniconductor Products inc. 
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MOTOROLA 


Semiconductors MRF840 


BOX 20912 e PHOENIX, ARIZONA 85036 


Product Preview 


7 W—870 MHz 


The RF Line _ 


RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base amplifier 
applications in industrial and commercial FM equipment operating 
in the range of 806-947 MHz. 


® Specified 12.5 Volt, 870 MHz Characteristics: 
Output Power = 7.0 Watts 
Minimum Gain = 8.0 dB 
Efficiency = 50% 

@ Series Equivalent Large-Signal Characterization 


® Internally Matched Input for Broadband Operation 


® 100% Tested for Load Mismatch Stress at All Phase Angles with 
20:1 VSWR @ 16 Volt Supply and 50% RF Overdrive 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. BASE 
2, EMITTER 
3. BASE 
4. BASE 
5. COLLECTOR 
6. BASE 


Total Device Dissipation @ Tc = 25°C (1) 
Derate Above 25°C 


Storage Temperature Range -65 to +200 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


MILLIMETERS 


(1) These devices are designed for RF operation. The total device 
dissipation rating applies only when the devices are operated as 
RF amplifiers. 


CASE 319-01 


This is advance information and specifications are subject to change without notice. 
49 14 


MRF840 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


So 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcp = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(ig = 1.0 Adc, Veg =5.0Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Common-Base Amplifier Power Gain 
(Pout = 7.0 W, Voc = 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 
(Pout = 7.0 W, Vcc = 12.5 Vde, f = 870 MHz) 

Load Mismatch Stress 
(Vcc = 16 Vdc, Pj, = 1.32 W,* f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 


*Pin = 150% of the typical input power requirement for 7 W output power @ 12.5 Vdc. 


SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
(Vec = 12.5 Vde, Pig = 1.1 W, Poyt = 7.0 W) 


2.0 + j6.1 


2.0 + j6.2 
2.1 + j6.3 
2.0 + j6.8 
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MOTOROLA 


Semiconductors , MRF 842 


BOX 20912 6 PHOENIX, ARIZONA 85036 


Product Preview _ | 
<aoKre 20 W —870 MHz 


ee es RF POWER 
TRANSISTOR 


NPN SILICON 


NPN SILICON RF POWER TRANSISTOR 


... designed for 12.5 volt UHF large-signal, common-base amplifier 
applications in industrial and commercial FM equipment operating 
in the range of 806-947 MHz. 


@ Specified 12.5 Volt, 870 MHz Characteristics: 
Output Power = 20 Watts 
Minimum Gain = 6.0 dB 
Efficiency = 50% 


@ Series Equivalent Large-Signa! Characterization 
® Internally Matched Input for Broadband Operation 


@ 100% Tested for Load Mismatch Stress at All Phase Angles with 
20:1 VSWR @ 16 Volt Supply and 50% RF Overdrive 


MAXIMUM RATINGS 


Ratina 
STYLE 1: 
PIN 1. BASE 
2. EMITTER 
3. BASE 
4. BASE 
5. COLLECTOR 


MILLIMETERS| INCHES | 


(1) These devices are designed for RF operation. The total device 
dissipation rating applies only when the devices are operated as 
RF amptifiers. 


CASE 319-01 


This is advance information and specifications are subject to change without notice. 
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MRF842 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Ig = 0) 
Collector-Emitter Breakdown Voltage 
(ic = 50 mAdc, Vege = 0) | 
Emitter-Base Breakdown Voltage 
(le = 10 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vog = 15 Vie, Ie = 0) 
_ON CHARACTERISTICS 
OC Current Gain 
(Ic = 2.0 Adc, Vog = 5.0 Vae) 
DYNAMIC CHARACTERISTICS 
] Output Capacitance 
(Vcg = 12.5 Vac, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TEST | 
Common-Base Amplifier Power Gain 
(Pout = 20 W, Vcc = 12.5 Vde, f = 870 MHz) 
Collector Efficiency 
(Pour = 20 W, Voc = 12.5 Vdc, f = 870 MHz) 
‘Load Mismatch Stress 


(Voc = 16 Vdc, Pin* = 5.33 W, f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 


*Pin = 150% of the typical input power requirement for 20 W output power @ 12.5 Vdc. 


SERIES EQUIVALENT INPUT/OUTPUT IMPEDANCE 
(Veo = 12.5 Vde, Pin = 5.0 W, Pot = 20 W) 


1.07 + j4.1 1.9 +j1.5 


1.2 +j4.3 1.9 +j1.6 
1.4 + j4.4 1.8+j1.7 
1.6 + j4.5 1.8+j1.8 
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POWER AMPLIFIER 
MODULES 


Since their introduction five years ago, Motorola 
RF Power Modules have enjoyed worldwide 
acceptance in VHF/UHF communications applica- 
tions. Keys to this acceptance have been three major 
factors: cost-effectiveness, reliability, and size. 
Modules are produced in-sizes, voltages, and power 
levels suitable for portable and mobile radio 
applications, either as output stages or drivers for 
higher power stages. 

When considering the use of a module to provide 
a function, as opposed to a discrete design, one 
should consider at least the following factors: 
first, a reduction in engineering time for the power 
amplifier design; second, the reduction in inventory, 
purchasing, specification, and assembly costs 
associated with the many components needed 
for a discrete design. 

The power modules are designed to be stable 
with load VSWR up to 6:1, at any phase angle. 
Also, they are designed to be stable with combina- 
tions of reduced drive, reduced voltage, and overdrive 
with increased voltage. The dc decoupling network is 
also a major factor in the stable operation of a 
module. The recommended decoupling network 
shown on the data sheet should be followed as 
closely as possible. 

The active devices used in the modules are 
similar to standard Motorola devices, but are usually 
processed with somewhat different starting materials 
and diffusions in order to optimize their perfor- 
mance for specific module applications. | 

Also, this means the devices are from a dedicated 
line, run only for module applications,-and can be 
held to close tolerances for good module repeat- 
ability. All devices used in the modules are 
glass-passivated. The transistors are selected to run at 
a current density less than 1.5 X 10° A/cm? and 
thermal design is such that a worst-case device 


_ tape-process 
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should run at less than 165°C junction temperature 
with a 100°C heat-sink temperature. 

The capacitors used in the networks are either 
NPO or MOS for values under about 1000 pF and 
GP dielectric for capacitors above 1000 pF. MOS 
capacitors are produced in-house on a dedicated 
line and are used in locations where higher Q is 
necessary than is available with NPO capacitors. 

Nichrome is used as the adhesion layer to the 
ceramic and, through photolithographic process, 
also serves as the resistors in the circuit. The resistors 
are laser-trimmed to the desired value for the circuit. 
The transmission lines on the board are built up to 
proper thickness for the frequencies involved by 
plating up copper. Next, gold is plated for die and 
wirebonding purposes. 

The majority of the input, output, and inter- 
stage impedance matching networks are of low-pass 
Chebyshev design. Most of the earlier designs used 
50-ohm interface levels between stages; however, 
more recent designs use direct interstage matching 
between the stages where applicable. 

The design philosophy for newer designs is 
based on wider use of MOS capacitors, use of BeO 
substrates where applicable, and 
considerable effort is spent in the design process to 
reduce the size of the final circuit as much as 
possible. This reduction in size is a major factor in 
holding or reducing the cost of producing given 
module functions. 

The applications information supplied covers 
most of the usual circuit configurations. It is not 
possible, however, to anticipate all applications and 
should any difficulties be encountered, please 
contact the factory via your local Motorola Sales 
Office or distributor for assistance with your 
particular problem. 


MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


MHW401 


The RF Line 


1:.5W — 512 MHz 
~ RF POWER | 
AMPLIFIER MODULE 


UHF POWER AMPLIFIER MODULE 


... designed. for 7.5 volt UHF power amplifier applications in 
portable FM equipment operating to 512 MHz. 


® Specified 7.5 Volt, UHF Characteristics — 
Output Power = 1.5 Watts 
Minimum Gain = 15dB 
Harmonics = -45 db 

@ Frequency Range — 400 to 512 MHz 


@ Gain Control! Pin for Constant Output Power Level 


Frequency Range (1) 


z 
Output Power (2) (50-Ohm Load) 1.5 2.0 — Watts 
(Pin = 50 MW, Vg = 7.5 Vdc) 


Efficiency (2) 
(Pout = 1.5 W, V, = 7.5 Vde) 


Harmonics (2) 
(Pout = 1.5 W, Reference) 


STYLE 1. 
PIN 1. RE INPUT 
2. DC GAIN 
3. DC TERM. 
4. RF OUTPUT 
CASE. GROUND 


MILLIMETERS! INCHES | 


wn MAX 
| 1.305 | 
| 0.230 | 


1,895 
1.305 
0.230 
0.052 


j input tmpedarice (2) 
(Pout = 1.5 W, 50 Ohm Reference) 


Power Degradation (2) 
(Pout = 1.5 W, Te = 25°C) 
(To = OPC to 60°C) 


Power Degradation (2) 
(Pout = 1.5 W, Tce = 25°C) 
(To = 0°C to 80°C) 
Load Mismatch No degradation in Pout 
(VSWR = © , Vg = 11 Vdc, Veg set for 
Pout = 2.0 W) 


Stability Ail spurious outputs more than 
(Pin = 25 to 75 MW, Load Mismatch 10:1 60 dB below desired signal 
50 ohm reference, V, = 4.0 to 11 Vdc, 
Vgc adjusted for Poyr = 0.5 to 2.0 W) 


| N | 2.41 | 2.67 | 0.095 | 0.105 
2.92 | 3.18 | 0.115 | 0.125 
17.14 [17.40 | 0.675 
|S [15.11 0.595 | 0.605 _| 
3.35 0.132 
V 


15.11 [15.37 | 0. 
(1) Frequency Range is covered in three bands: MHW401-1 400-440 MHz 15.37 | 0.595 | 0.605 _| 
MHW401-2 440-470 MHz CASE 301-01 
MHW401-3 470-512 MHz 
(2) Pin = 50 mW, Voc Adjusted for 1.5 W Output 
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MHW401 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the nominal con- 
ditions: Pin 2 voltage (control pin — Vsc) and Pin 3 voltage 
(main supply or Vs) equal to 7.5 Vde and with output 
power equaling to 1.5 watts. With these conditions, maxi- 
mum current density on any device is 1.5 x 105 A/cm 

and maximum die temperature with 100°C base plate 
temperature is 165°C. While the modules are designed to 
have excess gain margin with ruggedness, operation of 
these units outside the limits of published specifications is 
not recommended unless prior communications regarding 
intended use has been made with the factory representative. 


Gain Control 

The input stage in this module is designed to have good 
input VSWR with varying drive and voltage conditions. 
This is accomplished by. running the stage essentially 
Class A. 

Maximum module DC to RF conversion efficiency is ob- 
tained by applying full input drive, output power set to 
1.5 Watts by reducing the voitage on Pin 2 (Vsc). This can 
be done with a variable resistor or through a series pass 


transistor such as in an AGC loop. Input VSWR even under 
heavy AGC application or overdrive to 80 mW will 
generally remain under 2:1. 


Decoupling 

The high gain of the two stages and the module size 
limitations, external decoupling network requires careful 
consideration. Both Pins 2 and 3 are internally bypassed 
with a 0.018 uF chip capacitor effective for frequencies 
from. 5 through 1000 MHz. For bypassing frequencies 
below 5 MHz, networks equivalent to that shown in the 
test figure schematic are recommended. Inadequate de- 
coupling will result in spurious outputs at Certain operating 
frequencies and certain phase angles of input and output 
VSWR greater than 3:1. 


Load Pull 

During final test, each module is “‘load pull’’ tested in a 
fixture having the identical decoupling network described 
in Figure 1. Electrical conditions are Vs and Vsc equal 
11 V, output VSWR infinite, output power obtained 
with 80 mW drive — lowest frequency in the band. 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


MHW401 SCHEMATIC 


ae, ee, eee aa 
E 
ain 


Generator 


Z1= 22 = 50 2 Microstrip 


(M) MOTOROLA Semiconductor Products inc. 
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MHW401 


TYPICAL PERFORMANCE CURVES 


FIGURE 2 — INPUT POWER, EFFICIENCY, AND 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


VSWR versus FREQUENCY 


AN ETT TTI, 
PLL ANE 


Na: 


Pin, INPUT POWER (mW) 


(SLLYM) H3MOd LNGLNO Hg 


% ‘AINZIII433 U _ UMSA _ 


CoC 
CCR 
CECA 
CCT 
CCC 
ACCC 
CCOCUEL 
ACT 


Sail waMod Unni ‘uly 


bee 1.5W 
= Vsc = 


MHW401-1 "200 
MHW401-2 440 
MHW401-3 470 


f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus VOLTAGE 


ee ee 
EeSe ee SeeeD 
See eRRERe 
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Se 
oe) 


(SLLYM) H3MOd LAdLNO 10g 


Vsc) 


V, VOLTAGE (Vs = 


(M) MOTOROLA Semiconductor Products inc. 
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MHW401 


FIGURE 5 — TEST CIRCUIT 


w401-2 


Poy 


FIGURE 6 — UHF POWER MODULE TEXT FIXTURE 
PRINTED CIRCUIT BOARD 


Pin 2 Pin3 


Teflon Glass Board 
t- 0.062" 
ER - 2.56 


1 ee 


(MA) MOTOROLA Semiconductor Products inc. 
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MOTOROLA 


Semiconductors | | MHW601 | 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| The RF Line | 


13 W — 174 MHz 


RF POWER 
AMPLIFIER MODULE 


VHF POWER AMPLIFIER MODULE 


. . designed for 12.5 volt VHF power amplifier applications in 
industrial and commercial FM equipment operating to 174 MHz. 


@ Specified 12.5 Volt, 174 MHz Characteristics — 
~ Output Power = 13 Watts 
Minimum Gain = 21 dB 
Harmonic Content = -30 dB 
@ Frequency Range — 146 to 174 MHz 


@ Gain Control Pin for Constant Power Output Level 


ELECTRICAL CHARACTERISTICS (Vg and Vgc @ 125 Vdc unless otherwise noted.) 


input Power 
(Pout = 13 W) 


Efficiency n 


_ 
N 
a 


°F STYLE 1: NOTE: 
PIN 1. RF OUTPUT 1. MOUNTING HOLES WITHIN 
; 2. 0.C. TERM. .13 (.005) OIA. OF TRUE POSITION 
Fy 3. D.C. GAIN AT SEATING PLANE AT MAXIMUM 
4. GROUND MATERIAL CONDITION. 
5. RF INPUT 


Power Degradation 
(Pout-= 13 W, Te = 25°C) 
(Tc = 0°C to 60°C) 
Power Degradation 
(Pout = 13 W, Tc = 25°C) 
(Tce = 0°C to 80°C) 


Load Mismatch 
(VSWR =, V. = 15.5 Vdc, Poyt = 19 W) 


Stability All spurious outputs more 
(Pin = 10 to 200 mW, V, = 4.0 to 15 V, Load than 70 dB below desired signal 
and Source Mismatch 4:1, 50 Ohm Reference, 

Vs = 4.0 to 16 Vdc, Vee adjusted for Pout = 
7.0 to 18 W) 


4.70 


CASE 297-02 
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MHW601 


APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the nominal con- 
ditions of Pin 3 voltage (control pin — Vsc) and Pin 2 
voltage (main supply — V,) equal 12.5 volts with output 
power equaling 13 watts. With these conditions, maximum 
current density on any device is 1.5 x 105 A/cm2 and 
maximum die temperature with 100°C base plate tem- 
perature is 150°C. While the modules are designed to have 
excess gain margin with ruggedness, operation of these 
units outside the limits of published specifications is not 
recommended unless prior communications regarding in- 
tended use has been made with the factory representative. 


Gain Control 


In general, the module output power should be limited to 
16 watts. The preferred method of power output control 
is to fix both Vs— and Vs, at 12.5 volts and to vary the 
input RF drive level at Pin 5. The next method is to con- 
trol Vs through a stiff voltage source. 

A third method of power output control is to control 
Vsc through a current source or voltage source with series 
resistance. This mode of control creates aregion of negative 


slope on the power gain profile curve and aggravates out- 
put power slump with temperature. 


Decoupling 


Due to the high gain of each of the two stages and the 
module size limitation, the external decoupling networks 
require careful consideration. Both Pins 2 and 3 are in- 
ternally bypassed with an 0.018 mF chip capacitor effect- 
ive for frequencies of 5 MHz through 174 MHz. For 
bypassing frequencies below 5 MHz, networks equivalent 
to that shown in the test figure schematic are recom- 
mended. Inadequate decoupling will result in spurious 
outputs at specific operating frequencies and phase angles 
of input and output VSWR less than 4:1. 


Load Pull 


During final test, each module is ‘‘load pull” tested in a 
fixture having the identical decoupling network described 
in Figure 1. Electrcial conditions are Vs and Vsce equal 
to 15.5 volts output, VSWR 20:1, and output power 
equal to 19 watts. 


FIGURE 1 — VHF MODULE TEST SET UP 


SCHEMATIC 


Microlab 
FXR 
AD-ION 


10 dB 


R1 (Gain Control) i 
Vso = 


Signal 


Generator 21,22 


L1,L2 


TEST FIXTURE SCHEMATIC 


50 {2 MICROSTRIP 
FERROXCUBE VK200-20/4B 


C1,C3,C4,C6 1.0 uF TANTALUM 25 V 


C2,C5 
R41 


0.1 wE CERAMIC 
25-2 Pot, 5 W, Linear Taper 


(S) MOTOROLA Semiconductor Products inc. 
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MHW601 


FIGURE 2 — OUTPUT POWER, EFFICIENCY and VSWR 
versus FREQUENCY FIGURE 3 — QUTPUT POWER versus INPUT POWER 


= 25 “ 
rs a a on a ae ee 
jw 
ee 
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: ee 
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© 2 i 
: = a er Pane eS ee in 
: oA ee ed 
= = / 
S be 
: Ao he od a ed 
a ‘ a 5.0 
as (ee ee ee Sat ee 
1,.5:1 = 
oe ae a es ce 
. : 25 50 75 100 125, 150 
f, FREQUENCY (MHz) Pin, INPUT POWER (mW) 
FIGURE 5 — GAIN CONTROL CURRENT 
FIGURE 4 — OUTPUT POWER versus VOLTAGE versus CONTROL VOLTAGE 
Vs= 12.5 V 
Pin = 100 mW 
a a 
ma = 
= <= 
= K 
= a 
cc Ww 
Li ac 
= S 
[= wo 
~ a 
: 2 
5 4 
oO oO 
~ (a) 
3 3 
ao 3 


Vs = Vsc, VOLTAGE (vO LTS) 


FIGURE 6 — OUTPUT POWER versus GAIN 
CONTROL VOLTAGE 


V5212.5V 
Pin = 100 mW 


Pout, OUTPUT POWER (WATTS) 


2.0. 4.0 6.0 8.0 10 12 
Vsc, CONTROL VOLTAGE (VOLTS) 


(A) MOTOROLA Semiconductor Products inc. 
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MHW601 


FIGURE 7 — TEST CIRCUIT 


SS 


FIGURE 8 — VHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
For 4-40 Screw 


Pin 4 Pin3 Pin 2 Pin1 


Mount Board and module on 1/2" thick aluminum block 
for heat sinking and electrical ground. Pin 4 is not directly 
connected to ground in this test fixture. Ground is pro- 


vided through module heat sink.. 


Body Clearance 
For 4-40 Screw 


Teflon Glass Board 
t= 0.062" 
eR = 2.56 


(M) MOTOROLA Semiconductor Products inc. 
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Fe A 
MOTOROL MHW602 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| The REF Line | | 


20 W — 174 MHz 


RF POWER 


AMPLIFIER MODULE 
VHF POWER AMPLIFIER MODULE 


. designed for 12.5 volt VHF power amplifier applications in 
industrial and commercial FM equipment operating to 174 MHz. 


@® Specified 12.5 Volt, 174 MHz Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 20.6 dB 
Harmonic Content = -30 dB 

® Frequency Range — 146 to 174 MHz 


®@ Gain Control Pin for Constant Power Output Level 


ELECTRICAL CHARACTERISTICS 
(Vg and Vgc @ 12.5 Vde unless otherwise noted.) 


Characteristic . 


Frequency Range 


Input Power 
(Pout = 20 W) 


Power Gain 


Efficiency 
(P out me 20 W) 
Operating Voltage 


aaa Content 


Pout = 20 W, Reference) STYLE 1: 
PIN 1. RF OUTPUT 
a impedance VU: 2. 0.C. TERM. 


(Pout = 20 W, 50 Ohm Reference) 3. 0.C. GAIN 
4. GROUND 


Power Degradation : 5. RE INPUT 
(Pout = 20 W, Te = 25°C) 
(Tc = 0°C to 60°C) 
Power Degradation 
(Pout = 20 W, Te = 25°C) 
(Te = 0°C to 80°C) 
Load Mismatch 
(VSWR = © , Vo = 18.5 Vde, Pout = 30 W) 


Stability All spurious outputs more 


(Pi, = 10 to 350 mW, V, = 4.0 to-15 V, Load than 70 dB below 
and Source Mismatch 4:1, 50 Ohm Reference, desired signal 
Vg = 4.0 to 16 Vdc, Vee adjusted for Pout = 

8. 0 to 28 W) 


~ 
~ 


CASE 297-02 


1A_11 


MHW602 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the nominal con- 
ditions of Pin 3 voltage (control pin — Vgc) and Pin 2 
voltage (main supply — V,) equal 12.5 volts with output 
power equaling 20 watts. With these conditions, maximum 
current density on any device is 1.5 x 10° A/cm2 and 
maximum die temperature with 100°C base plate tem- 
perature is 150°C. While the modules are designed to have 
excess gain margin with ruggedness, operation of these 
units outside the limits of published specifications is not 
recommended unless prior communications regarding in- 
tended use has been made with the factory representative. 


Gain Control 


In general, the module output power should be limited to 
25 watts. The preferred method of power output control 
is to fix both Vgc and Vs at 12.5 volts and to vary the 
input RF drive level at Pin 5. The next method is to con- 
tro! Vgc through a stiff voltage source. 

A third method of power output control is to control 
Vsc through a current source or voltage source with series 
resistance. This mode of control creates aregion of negative 


slope on the power gain profile curve and aggravates out- 
put power slump with temperature. 


Decoupling 


Due to the high gain of each of the two stages and the 
module size limitation, external decoupling networks 
require careful consideration. Both Pins 2 and 3 are in- 
ternally bypassed with an 0.018 mF chip capacitor effect- 
ive for frequencies of 5 MHz through 174 MHz. For 
bypassing frequencies below 5 MHz, networks equivalent 
to that shown in the test figure schematic are recom- 
mended. Inadequate decoupling will result in spurious 
outputs at specific operating frequencies and phase angles 
of input and output VSWR less than 4:1. 


Load Pull 

During final test, each module is ‘load pull” tested ina 
fixture having the identical decoupling network described 
in Figure 1. Electrical conditions are Vs and Vcc equal 
to 15.5 volts output, VSWR 20:1, and output power 
equal to 30 watts. 


FIGURE 1 — VHF MODULE TEST SET UP 


SCHEMATIC 


Microlab 
FXR 
AD-ION 


10 dB 


TEST FIXTURE SCHEMATIC 


Signal 
Generator 21,22 


L1,L2 


C2,C5 
R1 


i 
12.5 Vde = 


50 £2 MICROSTRIP 


FERROXCUBE VK200-20/4B 
C1,C3,C4,C6 1.0 uF TANTALUM 25 V 


25-22 Pot, 


0.1 uF CERAMIC 


5 W, Linear Taper 


(A) MOTOROLA Semiconductor Products inc. 
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FIGURE 2 — OUTPUT POWER, EFFICIENCY and VSWR 


FIGURE 3 — OUTPUT POWER versus INPUT POWER 


versus FREQUENCY 
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FIG URE 4 — OUTPUT POWER versus VOLTAGE 
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FIGURE 7 — TEST CIRCUIT 
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FIGURE 8 — VHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
For 4-40 Screw I T 


Pin & Pin3 Pin 2 Pin 1 


Mount Board and module on 1/2" thick aluminum block 
for heat sinking and electrical ground. Pin 4 is not directly 
connected to ground in this test fixture. Ground is pro- 
vided through module heat sink. 


Body Clearance 
For 4-40 Screw 


Teflon Glass Board 
= 0.062” 
2.56 


(M\) MOTOROLA Semiconductor Products inc. 
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\ MOTOROLA 


]}) Serniconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


MHW603 


The RE Line 


30 W — 160 MHz 


VHF POWER AMPLIFIER MODULE RF BROADBAND POWER 
: . AMPLIFIER MODULE 
. . . designed for 13.6 volt VHF power amplifier applications in 


industrial and commercial FM equipment operating in the 160 MHz 
marine band. 


@ Specified 13.6 Volt, 160 MHz Characteristics — 
Output Power = 30 Watts 
Minimum Gain = 21.7 dB 
Harmonic Content = -30 dB 

@ Frequency — 160 MHz 


@ Gain Control Pin for Constant Power Output Level 


ELECTRICAL CHARACTERISTICS 
{Vg and Vsc @ 13.6 Vdc unless otherwise noted.) 


Characteristic 

Input Power 

(Pout = 30 W, f = 160 Mhz) 
Power Gain 
Efficiency (1) 

(Pout = 30 W, f = 160 MHz, Vg = 13.6 Vdc) 
Operating Voltage 
Harmonic Content (1) (Poy, = 30 W, 

f = 160 MHz, V, = 13.6 Vdc) 
lnput Impedance (1) (Pou: = 30 W, 50 Ohm 


Reference, f = 160 MHz, V, = 13.6 Vdc) STYLE 1: 
| PIN 1. RE OUTPUT 


Power Degradation (1) _ 0.3 2. 0.C. TERM 
(Pout = 30 W, Tc = 25°C) (Te = 0°C to 60°C, 3. 0.C. GAIN 
f = 160 MHz, Vs, = 13.6 Vdc) : eae 


Power Degradation (1) 
(Pout = 30 W, Te = 25°C) (Te = 0°C to 80°C, 
f = 160 MHz, Vs = 13.6 Vdc} 


— rs 67.56 | 2.640 | 

Load Mismatch No degradation in Pout 5182 | 52.96 
VSWR = 30:1 = 16 Vdc. Px... = 40 W YC { 851 | 9.14 | 0.335 
(VS 30:1, Vs, Vsc = 16 Vde, Pout = 40 W) E | 2.64] 292 10.100 
Stability All spurious outputs more F | 2.67 [| 2.92 [0.105 [0.115 

(Pin = 50 to 250 mW, Vs = 8.0 to 16 V, Load than 70 dB below Ba Te ae 
in ; Vs . ’ : : | H 147.68 [48.64 {1.885 | 1.915 | 
and Source Mismatch 4:1, 50 Ohm Reference, desired signal J 410.16 | 11.18 

V, = 8.0 to 16 Vde, Vg. adjusted for Poyt = K | 5.04 | 7.62 {0.230 | 0.300 
s Ger wag Salus out Pt [40.26 41.02 [1.585 17.615] 
5.0 to 30 W) oper 2.92 [0.085 | 0.115 | 
: | Gf 3.45 | 3.71 [0136 [0146 | 
(1) Pin = 200 MW, Voc Adjusted for 30 Watts Output. ae SAE 0.600 
) Pin W, Vsc ! p |S [17.02 [17.53 [0670 | 0.690 
2.98 ras 0.1278 

v_ 1 9.78 [10.54 [0.385 [0.415 
| W | 4.70: [ 5.46 [0185 [0.215 | 


CASE 297-02 


4A 4€£ 


MHW603 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the following 
nominal conditions: (Pi, = 200 mW, V,= 13.6 V, Ve, ad- 
justed for 30 W P,,,,). These modules are designed to have 
excess gain margin with ruggedness, operation outside the 
limits of published specifications is not recommended un- 
less prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 


in general, the module output power should be limited 
to 35 watts. The preferred method of power output con- 
trol is to fix both Ve and V, at 13.6 volts and to vary the 
input RF drive level at Pin 5. The next method is to con- 
trol Vs through a stiff voltage source. 

A third method of power output contro! is to control 
Vec through a current source or voltage source with series 
resistance. This mode of control creates a region of nega- 
tive slope on the power gain profile curve and aggravates 
output power slump with temperature. 


Decoupling 

Due to the high gain of each of the two stages and the 
module size limitation, external decoupling networks 
require careful consideration. Both Pins 2 and 3 are inter- 
nally bypassed with a 0.018 uF chip capacitor effective 
for frequencies of 5 MHz through 174 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. In- 
adequate decoupling will result in spurious outputs at 
specific operating frequencies and phase angles of input 
and output VSWR less than 4:1. 


Load Pull . 

During final test, each module is “load pull” tested in a 
fixture having the identical decoupling network described 
in Figure 1. Electrical conditions are V, and V., equal to 
16 volts output, VSWR 30:1 and output power equal to 
40 watts. 


FIGURE 1 — VHF MODULE TEST SET UP 


SCHEMATIC 
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FIGURE 3 — OUTPUT POWER, EFFICIENCY AND INPU, 


RETURN LOSS versus FREQUENCY 


FIGURE 2 — OUTPUT POWER versus INPUT POWER 
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FIGURE 4 — OUTPUT POWER versus VOLTAGE 
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FIGURE 6 — TEST CIRCUIT 


FIGURE 7 — VHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Pin 5 Pin3 Pin 2 Pin 


1 


Body Clearance 


Body Clearance a 
For 440 Screw 1 


For 4-40 Screw 


Teflon Glass Board 
t= 0.062” 


Mount Board and module on 1/2" thick aluminum block 
for heat sinking and electrical ground. Pin 4 is not directly 
connected to ground in this test fixture. Ground is pro- 
vided through module heat sink. 


(M) MOTOROLA Semiconductor Products inc. 
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MOTOROLA 


Semiconductors MHW709 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


7.5 W — 400-512 MHz 


RF POWER 
AMPLIFIER MODULE 


UHF POWER AMPLIFIER MODULE 


... designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


® Specified 12.5 Volt, UHF Characteristics — 
Output Power = 7.5 Watts 
Minimum Gain = 18.8 dB 
Harmonics = -40 dB 

@ Frequency Range — 400 to 512 MHz 


® Gain Control Pin for Constant Output Power Level 


ELECTRICAL CHARACTERISTICS (Vs and Vgc set at 12.5 Vdc unless otherwise 


noted.) 
Characteristic 


Frequency Range(1) 
input Powef 
(Pout = 7.5 W) 
Power Gain 
Efficiency 
(Pour = 7.5 W) © 
Harmonics 
(Pout = 7.5 W, Reference) 
Input Impedance 
(Pout = 7.5 W, 50 2 Reference) 
Power Degradation 
(Pout = 7.5 W, Tc = 25°C) 
(Te -0°C to 60°C) 
Power Degradation 
(Pout = 7.5 W, Te = 25°C) 
(Te = O°C to 80°C) 
Load Mismatch 
(VSWR = &, Vo = 15.5 Vdc, 
Pout = 10 W) 


A 
| ar ee : 
SEATING PLANE 


Stability All spurious outputs more than 
(Pi, = 30 to 150 mW, Load 70 dB below desired signal. 
Mismatch 2:1, 

50 2 reference, V, = 8.0 to 16 Vdc, 
Voc adjusted for Poyt = 5.0 to 12 W) 


STYLE 1: 
PIN 1. RF OUTPUT 
2. GROUND 
3. 0.0. TERMINAL 
4. GROUND 
5. D.C. GAIN 
6. GROUND 


(1) Frequency Range is covered in three bands: 7. RE INPUT 


HW709-1 400- 
MHW709-1 400-440 MHz 4h w909.3 470-512 MHz 


MHW709-2 440-470 MHz CASE 700-03 


14-19 


MHW709 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the nominal con- 
ditions Pin 5 voltage (control pin — Vsc) and Pin 3 voltage 
(main supply — V;) equal 12.5 Vdc and with output power 
equaling 7.5 watts. With these conditions, maximum current 
density on any device is 1.5 x 10° A/em2 and maximum 
die temperature with 100° base plate temperature is 
165°. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside 
the limits of published specifications is not recommended 
unless prior communications regarding intended use has 
been made with the factory representative. 


Gain Control 


In general, the module output power should be limited to 
7.5 watts. The preferred method of power output control 
is to fix both Vcc and Vs at 12.5 Vde and vary the input 
RF drive level at Pin 7. The next method is to control 
Vsc through a stiff voltage source. | 

A third method of power output control is to control 
Vsc through a current source or voltage source with series 
resistance. This mode of control creates a region of negative 
slope on the power gain profile curve and aggravates 
output power slump with temperature. 


Decoupling 

The high gain of the three stages and the module size 
limitation, external decoupling network requires careful 
consideration. Both Pins 3 and 5 are internally bypassed 
with a 0.018 mF chip capacitor effective for frequencies 
from 5 through 512 MHz. For bypassing frequencies 
below 5 MHz, networks equivalent to that shown in the 
test figure schematic is recommended. Inadequate de- 
coupling will result in spurious outputs at certain operating 
frequencies and certain phase angles of input and output 
VSWR less than 3:1. 


Load Pull 


During final test, each module is ‘‘load pull’ tested in a 
fixture having the identical decoupling network described 
in Figure 1. Electrical conditions are V, and Vs¢ equal 
15.5 V output, VSWR infinite, output power equal to 
10 watts. 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


MHW709 SCHEMATIC 


R11 (Gan Control) 


MHW709 TEST FIXTURE SCHEMATIC 


MICROLAB/ 
FXR 
AD.10N 


10 4B 
50 (2 Microstripline 
Ferroxcube VK 200-20/4B 
1.0uF Tantalum 25 V 


21, 22 
L1, L2 


Signai C1, C4 


Generator 


= NOTE: No Internal O.C. blocking on input pin. 


C2, C3 


R1 


0.1 uF Ceramic 
100 Ohm Pot, 2 W, Linear Taper 


(AA) MOTOROLA Semiconductor Products Inc. 
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MHW709 


TYPICAL PERFORMANCE CURVES 
(MHW/709-2) 


FIGURE 2 ~— INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 


200 = ) ! 
mee TTT: “es 
175 Sovak VF 45 3 Input VSWR < 2:1— 
am Hoe Sg 
_ Lae) 
= 10> ea m7 fF 
7 ae bE 
x 125 350g or 
= = 
& 100 L = 
a oa 
pra | 
a eS a : 
Eek anne 
~ eo ste oe 
fn a 
25 15:1 2 
name el coe 
0 Sree 1.0:1 
400 420 440 460 480 500 
f, FREQUENCY (MHz) Pin, INPUT POWER (mW) 
FIGURE 5 — OUTPUT POWER versus GAIN 
FIGURE 4 ~ OUTPUT POWER versus VOL TAGE CONTROL VOLTAGE 
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FIGURE 6 — GAIN CONTROL CURRENT versus VOL TAGE 


0.25 
Pin = 100 mW 
V5=12.5V 


Isc, GAIN CURRENT CONTROL (AMP) 


Vee, GAIN CONTROL VOLTAGE (VOLTS) 
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MHW709 


FIGURE 7 — TEST CIRCUIT 


7 ) ] 
y YY 


FIGURE 8 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


BODY CLEARANCE 
FOR 4-40 SCREW 


Teflon Glass Board 
t = 0.062”’ 
Cp = 2.56 


PIN7 |. PINS PIN 3 PIN 1 


NOTE: 
Mount board and module on 1/2” thick aluminum 
block for heat sinking and electrical ground. Pins 2, 4 
and 6 are not directly connected to ground in this test 
fixture. Ground is provided through module heat sink. 


AA MOTOROLA Semiconductor Products Inc. 
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MOTOROLA MHW710 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 
— 13 W — 400-512 MHz 


RF POWER 
AMPLIFIER MODULE 


UHF POWER AMPLIFIER MODULE 


... designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating to 512 MHz. 


® Specified 12.5 Volt, UHF Characteristics — 
Output Power = 13 Watts 
Minimum Gain = 19.4 dB 
Harmonics = -40 dB | 

@ Frequency Range ~ 400 to 512 MHz 


@ Gain Control Pin for Constant Output Power Level 


ELECTRICAL CHARACTERISTICS (V, and Vgc set at 12.5 Vde unless otherwise noted.) 


SEATING PLANE 
a MILLIMETERS! INCHES | 
| MINT MAX | 


MIN [MAX | 
[a {67.06 [67.56 [2.640 | 2.660 | 
[8 [81.82 [5296 | 7.040 [2.095 | 


| | 8.51 | 9.14 10.335 _| 0.360 | 
PE | 254 [2.92 [0.100 | 0.115 | 
YF | 2.67 [2.92 10.105 [0.115 | 
|G | 61.09 ssc [2.405 BSC_| 
(7.885 [1.915 | 

0.16 111.18 70.400 [0.440 _| 


Efficiency 
(Pout = 13 W) 


Harmonics 
(Pout = 13 W, Reference) 

Input Impedance Zin 
(Pout = 13 W, 50 Ohm Reference) 


_ Power Degradation 
(Pour = 13 W. Tc = 25°C) 
(Tc = 0°C to 60°C) 


Power Degradation 
(Pout = 13 W, Tc = 25°C) 
(Tce =0°C to 80°C) 


Load Mismatch 
(VSWR = °°, V, = 15.5 Vdc, Pout = 16.5 W) 


No degradation in Poy 


All spurious outputs more than 
70 dB below desired signal. 


Stability 
(Pi, = 50 to 200 mW, Load Mismatch 2:1 
50 ohm reference, V, = 8.0 to 16 Vdc, | 
Vec adjusted for Poy, = 5.0 to 16 W) 


PIN 1. RF OUTPUT 
2. GROUND 
3. 0.C. TERMINAL 
4. GROUND 
§. 0.C. GAIN 
6. GROUND 
7. RE INPUT 


(1) Frequency Range is covered in three bands: 
MHW710-1. 400-440 MHz 


MHW710-2 440-470 MHz CASE 700-03 


MHW710-3 470-512 MHz 


MHW710 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the nominal con- 
ditions Pin 5 voltage (control pin — Vsc) and Pin 3 voltage 
(main supply — Vs) equal 12.5 Vde and with output power 
equaling 13 watts. With these conditions, maximum current 
density on any device is 1.5 x 109 A/cm2 and maximum 
die temperature with 100° base plate temperature is 
165°. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside 
the limits of published specifications is not recommended 
unless prior communications regarding intended use has 
been made with the factory representative. 


Gain Control 


In general, the module output power should be limited to 
13 watts. The preferred method of power output control 
is to fix Doth Vgc and Vz, at 12.5 Vdc and vary the input 
RF drive level at Pin 7. The next method is to control 
Vsc through a stiff voltage source. 

A third method of power output control is to control 
Vsc through a current source or voltage source with series 
resistance. This mode of control creates a region of negative 
slope on the power gain profile curve and aggravates 
output power slump with temperature. 


Decoupling 

The high gain of the three stages and the module size 
limitation, external decoupling network requires careful 
consideration. Both Pins 3 and 5 are internally bypassed 
with a 0.018 mF chip capacitor effective for frequencies 
from 5 through 512 MHz. For bypassing frequencies 
below 5 MHz, networks equivalent to that shown in the 
test figure schematic is recommended. Inadequate de- 
coupling will result in spurious outputs at certain operating 
frequencies and certain phase angles of input and output 
VSWR less than 3:1. 


Load Pull 


During final test, each module is “‘load pull’ tested in a 
fixture having the identical decoupling network described 
in Figure 1. Electrical conditions are Vs and Vgc equal 
15.5 V output, VSWR infinite, output power equal to 
16.5 watts. . 


FIGURE 1 — UHF POWER MODULE TEST SETUP 


MHW7 10 SCHEMATIC 
gull, Gs | Oe, Oe. 


MICROLAB/ 
FXR 
AD. 10N 


10 dB 
50 $2 Microstriptine 
Ferroxcube VK 200-20/4B 
1.0 uF Tantalum 25 V 


Z1, Z2 
L1, L2 


Signal Cl, C4 


Generator 


NOTE: No Internal 0.C. blocking on input pin. 


0.1 uF Ceramic 
100 Ohm Pot, 2 W, Linear Taper 


MOTOROLA Semiconductor Products inc. 
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MHW710 


Pin, INPUT POWER (mW) 


Pout, OUTPUT POWER (WATTS) 


TYPICAL PERFORMANCE CURVES 


(MHW710-2) 
FIGURE 2 ~ INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY FIGURE 3 — OUTPUT POWER versus INPUT POWER 
=e = he os ase 22. -TNPUT VSWR 21 . sTotite = tg = Ae & 
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= = as Vo Vsp = 12.5 V L i 
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f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT POWER versus VOLTAGE 


440 to 470 MHz 
Pin set for 13 W 
Pout at 12.5 V 


V, VOLTAGE (V5 = Voc) 


Pin, INPUT POWER (mW) 


FIGURE 5 — OUTPUT POWER versus GAIN 
CONTROL VOLTAGE 


Pin = 150 mW 
Vse= 12.5 V 


Pout, QUTPUT POWER (WATTS) 
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FIGURE 6 — GAIN CONTROL CURRENT versus VOLTAGE 


0.25 


Pin = 150 mw 


0.20 


0.15 


0.10 


0.05 
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FIGURE 7 — TEST CIRCUIT 


Ly, 
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FIGURE 8 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


4" 
BODY CLEARANCE 
FOR 4-40 SCREW 


Teflon Gtass Board 


Mount Board and module on 1/2" thick aluminum block 
for heat sinking and electrical ground. Pins 2, 4 and 6 are 
not directly connected to ground in this test fixture. 
Ground is provided through module heat sink. 


MOTOROLA Serniconductor Products inc. 
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How To Apply The MHW601/602 VHF Power Modules 


VHF Power Module Test Information 
(MHW601 AND MHW602) 


TEST CIRCUIT 


Motorola’s VHF Power Modules use thin film construction to minimize parasitics, and 
for manufacturing consistency. They’re flange mount for easy, one-sided assembly. They 
reduce your system inventory, eliminate the need for special production equipment. But 
even though the MHW601/MHW602 are ‘‘complete’’ VHF power drivers and reduce RF de- 
sign and production to a new level of ease, there are a few operation and testing considerations 
to follow for best results. 

The modules are conservatively rated. Actual output power capability is 50 to 70% 
above rated power. However, the equipment designer should not design a product using the 
module above the rated output power. In some cases, if smaller margins are acceptable and 
certain other conditions are met, some of the reserve power output can be used. In this 
case, please contact your Motorola representative for specific recommendations. 

When operated within published specifications, the maximum device current density 
seen in a limit module will be 1.5 x 10° A/cm2. Maximum die temperature with a 100°C 
base plate temperature will be 150°C. 

Nominal ratings are for a 12.5 Vdc supply (V, at pin 2) and control (Vg at pin 3) 
voltage. Specifications such as power gain, efficiency, and input VSWR are measured with 
the nominal 12.5 Vdc supply and an output power of 13 W (MHW601) and 20 W (MHW602). 
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Gain Control 


The preferred method of operation is to apply 12.5 Vdc to both pin 3 and pin 2 
through the recommended decoupling network. (In general, the module output power 
should be limited to 15 W, MHW601; 24 W, MHW602.) The output of the module is then 
set by adjusting the input drive level. Operation in this manner will result in the best per- 
formance with temperature variation. | 

Pin 3 supplies collector voltage to the input stage in the module. This pin is internally 
bypassed by a .018 ywF chip capacitor effective for frequencies from 5-MHz through the 
operating frequency. Due to size limitations in the module, additional external low frequency 
decoupling effective below 5 MHz is required (as is required with discrete VHF transistors). 
If pin 3 is used to reduce the module Output, two characteristics may cause an application 
problem. 


FIGURE 1 — VHF MODULE TEST SET UP 


SCHEMATIC 


Microlabr 
FXR 
AD-ION| = 


10 dB 


TEST FIXTURE SCHEMATIC 


Signal = 
Generator 21,22 50 22 MICROSTRIP 
= L1,L2 FERROXCUBE VK200-20/4B 
C1,C3,C4,C6 1.0 uF TANTALUM 25 V 
C2,C5 0.1 uF CERAMIC 
R1 25-22 Pot, 5 W, Linear Taper 


One is that with the drive power appreciably above that required (+2 dB or so) for 
13 watts output, the voltage on the first stage may be as low as four or five volts. This 
low voltage tends to increase the slump in output power with increasing temperature as 
opposed to the condition of pin 3 = pin 2 = 12.5 V and drive adjusted for desired power 
output. Second, if voltage to pin 3 is derived from a series dropping resistor and the 
value of the resistor is above 10 or 20 ohms, the output power will tend to rise with de- 
creasing drive which could cause problems in an application using an automatic gain or 
output leveling circuit. If pin 5 is fed from a regulated voltage source, as opposed to a 
series dropping resistor, this problem does not arise; however, the temperature slump 
characteristic is still present. 

Typically, the MHW602 slump at 80°C from rated output at 25°C with V3 = V2 = 
12.5 Vde is 9 to 12%. With pin 3 voltage set for rated output power and rated drive 
applied, the typical slump will be 10 to 16% at 80°C. Slump in the MHW601 under 
the same conditions is typically 5% less than the above figures. 
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Decoupling 


As mentioned, size limitations in the module make it necessary to provide external de- 
coupling for frequencies below 5 or 10 MHz. This can take the form of a network as 
shown on the data sheet. All decoupling capacitors internal to the module are .018 uF 
chips. interstage blocking capacitors are 120 pF NPO chips. This chip type has a nominal 
reactance of 9 ohms in the VHF band and was selected to decrease the module gain at 
‘frequencies below the. pass band. Also, the base return chokes in all stages were selected 
to degrade gain slightly at VHF with greater effect at lower frequencies. The use of small 
coupling and blocking capacitors along with low impedance base returns reduces the loop 
gain at low frequencies to minimize low frequency problems from the increased device 
gains below the operating frequency. 

The decoupling network shown on the data sheet is used ‘dirise final test of the 
module and has been found effective for our test setup. Differences in test circuit layout, 
ground current paths or other low frequency feedback circuits could require a modified 
decoupling network. Some applications may benefit from the use of a series R-C damping 
circuit connected to ground from pins 2 or 1. This can consist of a 5 to 10 ohm carbon 
resistor in series with a 1 to 10 uF, 25 volt electrolytic or tantalum capacitor. 


Source and Load Impedances 


The modules are designed for proper operation with source and load impedances of 
50 ohms resistive. With proper decoupling, they will be stable with 4:1 VSWR source and 
load impedances, any phase angle and any combination of phase angles at nominal drive 
and power output. In addition, the rf drive and supply voltage can be varied over wide 
ranges. Typically, during this test, no spurious outputs are seen except with drive powers 
above 300 mW taken simultaneously with supply voltages, below 4 or 5 volts. This 
condition of simultaneous high drive and low voltage will most likely never be seen in 
actual applications. 

Most problems with module instabilities are a function of poor source impedance 
or poor decoupling. If a tendency is seen for the module to “‘snap on” or have hysteresis 
in the output power versus input power curve, the problem is most likely due to a source 
VSWR above 2:1 relative to 50 ohms. To check this, put a 3 dB or 6 dB matched pad 
between the source and the module. The hysteresis or ‘‘snap’’ should disappear if the 
problem is source impedance. If “jumps’’ are noticed during varying input power condi- 
tions, the problem is most likely low frequency breakup due to insufficient low frequency 
decoupling — this can be seen on a spectrum analyzer sampling the output power. If a 
spectrum analyzer is not available, an ac-coupled 10-MHz oscilloscope on the dc feed pins 
at the module will usually detect low frequency breakup. 

When using the module as a drop-in for other modules, it has been found that circuit 
““tweaks’’ made to compensate for antenna switching and output filter VSWR to provide 
optimum performance with a particular type module may degrade the performance of the 
MHW series modules. The output circuit in this module is a low-pass Chebyshev impedance 
transforming network. It is carefully designed to provide a 50-ohm source impedance with 
a VSWR of less than 1.3:1 at 20 watts power output and 12.5 V supply. The power 
available to the load (forward power as measured by a directional coupler) with this module 
will not degrade more than 20% from the power set into a 50 ohm load when a load with 
a VSWR of 2:1 is placed on the output and varied through all phase angles. This 
characteristic holds true throughout the rated frequency range of the module. 
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Load Mismatch 

When performing a load mismatch capability test with any semiconductor device, 
especially in a new environment where all sources of regeneration are not yet identified, 
one should monitor the output of the device with a directional sampling scheme and dis- 
play this output on a spectrum analyzer. It has been found that at least 90 percent of 
semiconductor failures during load mismatch tests are due to spurious breakup during the 
test. When the spurious problems are solved, the burnout problems are also solved. 


VHF TEST FIXTURE PC BOARD 


BODY CLEARANCE 
FOR 4-40 SCREW 


Teflon Glass Board 
t = 0.062" 


NOTE: Mount Board and module on 1/2” thick aluminum - 
block for heat sinking and electrical ground. Pin 4 
is not directly connected to ground in this test 
fixture, Ground is provided through module 
heat sink. 


The MHW modules are 100% tested for-burnout and spurious breakup two times dur- 
ing the production process. One test is performed after the module is completed and on 
the heatsink, another. is performed after the module is capped and marked. The 20 watt 
modules are tested at 30 watts output into a load with a return loss of less than 0.7 dB 
at all phase angles (greater than 25:1 VSWR) and the 13 watt modules are tested at 19 
watts into the same load. 

In summary, it is recommended that the MHW601/602 series modules be operated 
under the following conditions: 


1. Source and load VSWR <2:1 with respect to 50 ohms. 
Proper low frequency decoupling. | 


Supply voltage of 12.5 volts applied to both pin 3 and pin 2 with driver 
power adjusted for desired output power. 


4. Sufficient heatsinking so that module flange does not exceed 100°C 
(preferably 80°C). 


5. Flange at rf ground potential. The ‘‘ground” pin 4 is not sufficient to 
establish a good rf ground at VHF by itself. 


When these rules are followed, the MHW601/602 series modules will provide the perfor- 
mance you expect. 
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How To Apply The MHW709/MHW710 UHE Power Modules 


UHF Power Module Test Information 
(MHW709 and MHW7 10) 


TEST CIRCUIT 


Motorola’s UHF Power Modules use thin film construc- 
tion to minimize parasitics, and for manufacturing con- 
sistency. They’re flange mount for easy, one-sided as- 
sembly. They reduce your system inventory, eliminate 
the need for special production equipment. But even 
though the MHW709/MHW710 are ‘“‘complete” UHF 
power drivers and reduce RF design and production to a 
new level of ease, there are a few operation and testing 
considerations to follow for best results. 


The modules are conservatively rated. Actual output 
power capability is 50 to 70% above rated power. How- 
ever, the equipment designer should not design a prod- 
uct using the module above the rated output power. In 
some cases, if smaller margins are acceptable and certain 
other conditions are met, some of the reserve power 
output can be used. In this case, please contact your 
Motorola representative for specific recommendations. 


When operated within published specifications, the max- 
imum device current density seen in a limit module will 
be 1.5 x 10> A/cm2. Maximum die temperature with a 
100° C base plate temperature will be 165° C. 


Nominal ratings are for a 12.5 Vdc supply (Vg at pin 5) 
and control (Ve, at pin 3) voltage. Specifications such as 
power gain, efficiency, and input VSWR are measured 
with the nominal 12.5 Vdc supply and an output power 
of 13 W(MHW710) and 7.5 W (MHW709). 


Gain Control 


The preferred method of operation is to apply 12.5 Vdc 
to both pin 3 and pin 5 through the recommended de- 
coupling network. (In general, the module output power 
should be limited to 14 W, MHW710; 8.5 W, MHW709.) 
The output of the module is then set by adjusting the 
input drive level. Operation in this manner will result in 
the best performance with temperature variation. 


Pin 5 supplies collector voltage to the input stage in the 
module. This pin is internally bypassed. by a 018 pF 
chip capacitor effective for frequencies from 5 MHz 
through the operating frequency. Due to size limitations 
in the module, additional external low frequency de- 
coupling effective below 5 MHz is required (as is re- 


- quired with discrete UHF transistors). If pin 5 is used to 
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reduce the module output, two characteristics may cause 
an application problem. 


One is that with the drive power appreciably above that 
required (+2 dB or so) for 13 watts output, the voltage 
on the first stage may be as low as four or five volts. This 
low voltage tends to increase the slump in output power 
with increasing temperature as opposed to the condition 
of pin 5 = pin 3 = 12.5 V and drive adjusted for desired 
power output. Second, if voltage to pin 5 is derived from 
a series dropping resistor and the value of the resistor is 
above 10 to 20 ohms, the output power will tend to rise 
with decreasing drive which could cause problems in an 
application using an automatic gain or output leveling 
circuit. If pin 5 is fed from a regulated voltage source, as 
opposed to a series dropping resistor, this problem does 
not arise, however, the temperature slump characteristic 
is still present. 


Typically, the MHW710 slump at 80° C from rated out- 
put at 25° C with V3 = V5 = 12.5 Vdc is 9 to 12%. With 
pin 5 voltage set for rated output power and rated drive 
applied, the typical slump will be 10 to 16% at 80° C. 
Slump in the MHW709 under the same conditions is 
typically 5% less than the above figures. 


Decoupling 


As mentioned, size limitations in the module make it 
necessary to provide external coupling for frequencies 
below 5 or 10 MHz. This can take the form of a network 
as shown on the data sheet. All decoupling capacitors 
internal to the module are .018 uF chips. Output and 
interstage blocking capacitors are 39 pF NPO chips. This 


chip type has a nominal reactance to 9 ohms in the UHF 
band and was selected to decrease the module gain at 
frequencies below the pass band. Also, the base return 
chokes in all stages were selected to degrade gain slightly 
at UHF with greater effect at lower frequencies. The use 
of small coupling and blocking capacitors along with low 
impedance base returns reduces the isop gain at low 
frequencies to minimize low frequency problems from 
the increased device gains below the operating 
frequency. 


The decoupling network shown on the data sheet is used 
during final test of the module and has been found effec- 
tive for our test setup. Differences in test circuit layout, 
ground current paths or other low frequency feedback 
circuits could require a modified decoupling network. 
Some applications may benefit from the use of a series 
R-C damping circuit connected to ground from pins 5 or 
3. This can consist of a 5 to 10 ohm carbon resistor in 
series with a 1 to 10 uF, 25 volt electrolytic or tantalum 
capacitor. 


Source and Load Impedances 


The modules are designed for proper operation with 
source and load impedances of 50 ohms resistive. With 
proper decoupling, they will be stable with 2:1 VSWR 
source and load impedances, any phase angle and any 
combination of phase angles at nominal drive and power 
output. In addition, the rf drive and supply voltage can 
be varied over wide ranges. Typically, during this test, no 
spurious outputs are seen except with drive powers 
above 300 mW taken simultaneously with supply volt- 
ages below 4 or 5 volts. This condition of simultaneous 


UHF POWER MODULE TEST SETUP 


MHW709 ANO MHW7 10 SCHEMATIC 


R11 (Gain Control) 


12.5 Vide 


MHW709 AND MHW710 TEST FIXTURE SCHEMATIC 


MICROLAB/ 
AD-ION 21, 22 502 Microstripline 
L1, L2 Ferroxcube VK200-20/48 


aL hae C1, C4 1.0 uF Tantalum 25 V 


NOTE: No Internal D.C. blocking on input pin. 


C2, C3. —-0.1 uF Ceramic 
R1 100 Ohm Pot, 2 W, Linear Taper 
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high drive and low voltage will most likely never be seen 
in actual applications. 


Most problems with module instabilities are a function 
of poor source impedance or poor decoupling. If a ten- 
dency is seen for the module to “snap on” or have hys- 
teresis in the output power versus input power curve, the 
problem is most likely due to a source VSWR above 2:1 
relative to 50 ohms. To check this, put a 3 dB or 6 dB 
matched pad between the source and the module. The 
hysteresis or “snap” should disappear if the problem is 
source impedance. If “jumps” are noticed during varying 
input power conditions, the problem is most likely low 
frequency breakup due to insufficient low frequency de- 
coupling—this can be seen on a spectrum analyzer samp- 
ling the output power. If a spectrum analyzer is not 
available, an ac-coupled 10 MHz oscilloscope on the dc 
feed pins at the module will usually detect low frequen- 
cy breakup. 


all phase angles. This characteristic holds true through- 
out the rated frequency range of the module. 


Load Mismatch 


When performing a load mismatch capability test with 
any semiconductor device, especially in a new environ- 
ment where all sources of regeneration are not yet iden- 
tified, one should monitor the output of the device with 
a directional sampling scheme and display this output on 
a spectrum analyzer. It has been found that at least 90 
percent of semiconductor failures during load mismatch 
tests are due to spurious breakup during the test. When 
the spurious problems are solved, the burnout problems 
are also solved. 


The MHW modules are 100% tested for burnout and 
spurious breakup two times during the production pro- 
cess. One test is performed after the module is com- 


UHF POWER MODULE TEST FIXTURE 


PRINTED 


BODY CLEARANCE 
FOR 4-40 SCREW 


When using the module as a drop-in for other modules, it 
has been found that circuit “tweaks” made to compen- 
sate for antenna switching and output filter VSWR to 
provide optimum performance with a particular type 
module may degrade the performance of the MHW series 
modules. The output circuit in this module is a low-pass 
Chebyshev impedance transforming network. It is care- 
fully designed to provide a 50 ohm source impedance 
with a VSWR of less than 1.3:1 at 13 watts power out- 
put and 12.5 V supply. The power available to the load 
(forward power as measured by a directional coupler) 
with this module will not degrade more than 20% from 
the power set into a 50 ohm load when a load with a 
VSWR of 2:1 is placed on the output and varied through 


CiRCUIT BOARD 


Teflon Glass Board 
t= 0.062" 
ER = 2.56 


PIN 1 
NOTE: 
Mount board and module on 1/2" thick aluminum 
block for heat sinking and electrical ground. Pins 2,4 
and 6 are not directly connected to ground in this test 
fixture. Ground is provided through module heat sink. 


pleted and on the heatsink, another is performed after 
the module is capped and marked. The 13 watt modules 
are tested at 17 to 20 watts output into a load with a 
return loss of less than 0.7 dB at all phase angles (greater 
than 25:1 VSWR) and the 7.5 watt modules are tested at 
10 to 12 watts into the same load. 


In summary, it is recommended that the MHW709/710 
series modules be operated under the following 
conditions: 


1. Source and load VSWR <2:1 with respect to 50 
ohms. 


2. Proper low frequency decoupling. 
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3. Supply voltage of 12.5 volts applied to 


both pin 5 


and pin 3 with driver power adjusted for desired out- 


put power. 


4. Sufficient heatsinking so that module flan 
exceed 100° C (preferably 80° C), 


ge does not 
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5. Flange at rf ground potential. The “ground” pins 2, 
4, and 6 are not sufficient to establish a good rf 
ground at UHF by themselves. 


When these rules are followed, the MHW709/710 series 
modules will provide the performance you expect. ) 


HYBRID LINEAR et : | 
AMPLIFIER MODULES __ CHAPTER 15 


HYBRID LINEAR 
AMPLIFIER MODULES 


Motorola linear hybrid amplifiers are housed in an industry standard package and specified for use in 
MATV/CATV and general purpose 50-100 ohm applications. Available gains are from 12.0 to 39.0 dB, over 1.0 
watt RF power-handling capability, with bandwidths of 1.0 to 400 MHz, and supply voltages of 13.6 and 24 Vdc. 

The following chart summarizes the Motorola RF linear hybrid lineup. | 


eae GAIN 
DEVICE dB. APPLICATIONS 


MHW1121 
MHW1122 
MHW1171 
MHW1172 
MHW1221 


MHW1222 
MHW1341 
MHW1342 
MHW1391* 
MHW1392* 


MHW1182 
MHW590 
MHW591 
MHW592 
MHW593 


*To be introduced 
1. MATV/CATV input amplifier 


General Construction 


All Motorola RF linear hybrids use ultra-low 
distortion, push-pull cascode circuitry to achieve 
wide bandwidth, extremely flat response and low 
distortion products. ~~ 

Units with 22 dB or less of gain consist of 
a transistor push-pull cascode stage (common-emitter 
device followed by common base device) for a total 
of four transistors and two transformers. A bifilar 
transformer is used at the input and a trifilar at 
the output. 

Units with 34 dB.or more of gain use two push- 
pull cascode stages, giving a total of eight transistors. 
One transformer at the interstage between the two 
push-pull gain blocks brings the transformer count 
to three, one bifilar and two trifilar. 


Processes 


The hybrid amplifiers are built using a thin-film 
circuit process on an alumina substrate. A nichrome 
metal pattern is evaporated on the alumina ceramic 
to form resistors and to serve as a ceramic-to-gold 
interface. A thin pattern of evaporated gold metal 
followed by a thick plated gold pattern is then 
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2. MATV/CATV output amplifier 
3. 50-100 ohm small-signal linear and medium power amplifier 


deposited on the substrate to form all gold conduc- 
tive pads and lines. Nichrome resistors are precision 
trimmed to +1% in value by a computerized laser- 
trimming system. 

Component attachment to the alumina substrate 
is performed by a flux-free solder reflow technique 
using a hydrogen atmosphere as the reducing agent 
and gold tin solder attachment. Transistor die 
previously bonded on molybdenum heat spreaders 
for thermal conductivity, chip capacitors, and feed- 
through leads are all attached using the high meiting 
point, high tensile strength, gold-tin solder without 
the corrosive residues of flux being introduced in 
the operation. 

The wirebonding technique used is ultrasonic, 
using 1.5 mil gold wires to interconnect the all gold 
metal transistor die and substrate circuitry. The 
uniformity of all gold transistor die, gold wirebonds, 
and gold substrate interconnects enhances reliability 
by eliminating dissimilar metal interfaces. 


A hydrogen atmosphere reflow solder technique 
is used to attach the ceramic substrate to the gold- 
plated aluminum heat sink. The indalloy solder 
used melts at a temperature sufficiently low to 
prevent the gold-tin solder affixing the compo- 
nents from reflowing during heat-sink attach. The 
extremely flexible indalloy solder greatly enhances 


reliability by having a temperature coefficient 
between that of the aluminum heat sink and the 
alumina substrate and physically absorbs stresses 
caused by the difference in temperature coefficient 
“of the two materials during temperature cycling. 

A plastic bridge is epoxied to the substrate 


for protection of components and physical support 


of the transformers. Transformers which have 
been previously wound on_ specially selected 
temperature-stable ferrite cores are attached to 
the module assembly. | 

Completed assemblies are tuned for desired 
gain response and return loss. For low current 
applications, a gold wire bond shorting a resistor 
in the bias chain is removed to reduce current. 
Plastic caps are epoxied onto the module prior 
to complete final testing of all dc and RF parameters, 
including a retest of the gain response and return 
loss performances. 


Transistor Die 


The RF hybrid module is a complex transistor 
circuit involving a number of components. In the 
design and manufacturing of Motorola’s RF linear 
hybrids every passive component as well as the 
transistor die, transformers, substrate, and package 
are given careful reliability consideration. Since 
Motorola’s unique flux-free component attach 
technique, the stress-relieving final assembly tech- 
nique, and the pretinning of all transformers and pads 
have been previously discussed, it is appropriate now 
to discuss the most important, yet most reliable, 
component of the RF hybrid, the transistor die. 

The most common cause of failure in RF tran- 
sistors is electrical overstress. Since the transistors 
in Motorola RF linear hybrids operate in an 
environment of optimum bias and careful input 
and output match, the major causes of electrical 
overstress are transients on the supply line. The 
characteristics of an RF transistor which provides 
resistance to failure from these transients (thickness 
and resistivity of the collector epitaxial layer) 
are extremely important factors in determining 
the RF gain and distortion performance. Thus, 
resistance to transients can be improved only at the 
expense of electrical performance. Motorola CATV 
transistors are designed to provide the best compro- 
mise of ruggedness and high electrical performance. 

Electromigration is a highly publicized phenome- 
non which, under certain conditions, can become 
a failure mode in RF transistors. It is a transport 
of metal ions which occurs when high current 
densities are present at high temperatures. For a 
given set of conditions, light metal ions such as 
aluminum are more prone to migrate than are heavy 
metal ions such as gold. The process of electro- 
migration in aluminum-metallized transistors is 
begun through a reaction at the silicon-aluminum 
interface with the silicon dissolving into’ the 
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aluminum. Between the two, barrier metals such as 
nichrome are effective in preventing this reaction. 
and hence retard the onset of migration. Proper 
transistor design (eliminating metal paths with high 
current density), low thermal resistance, and good 
heat-sinking greatly reduce the other factors 
which contribute to electromigration. At this 
writing, Motorola linear hybrids, utilizing aluminum- 
metallized transistor chips have logged over 650,000 
unit-hours of life-testing with no degradations or 
failures. Since each hybrid module contains either 
four or eight transistor chips, this achievement 
represents several million failure-free transistor hours. 

The design of some of the newer high-performance 
linear REF transistors requires extremely narrow 
metal fingers to make contact to the emitter stripes. 
In this case, the high current densities which result 
make mandatory the use of gold metallization. 
Motorola has several years’ experience in gold- 
metallization systems for high reliability RF power 
and microwave small-signal transistors and is now 
pleased to offer a state-of-the-art gold-metallized 
CATV transistor die. The entire lineup of CATV 
linear hybrids is now available with this all-gold 
metallization system as denoted by the MHW1000 
series of hybrids. 


Quality Assurance 


After each assembly process in the manufacture 
of Motorola RF linear hybrids is a quality assurance 
station run independently of production by the 
Motorola quality assurance department. These test 
stations perform mechnical push-tests on chip 
capacitors, pull-tests on die and substrate wire 
bonds, as well as visual inspection on each completed 
subassembly. Based on a sample, a Jot will be 
rejected if any rejects are found, and that lot must 
then be 100% tested. Based on those results, the 
good units will be allowed to pass or, in the case of 
additional rejects, the assembly process will be shut 
down until the problem is identified and resolved. 

The completed module is subjected to the most 
rigorous testing of all, in that all dc and' ‘RF para- 
meters guaranteed by specification are tested’ on 
each and every hybrid. On CATV hybrids, this 
generally means 100% testing of de current, RF gain, 
input and output return floss, intermodulation 
distortion, cross-modulation distortion at both 
ends of the band, composite and three-channel triple 
beat, and noise figure. These tests are all run at 
a nominal 100°C case temperature, serving as an 
effective burn-in as well as performance assurance. 

Extensive reliability testing, both mechnical 
and dc operating life, have been performed on these 
hybrids with a total of 650,000 hybrid-hours so 
far accumulated without one failure or degradation. 
Details of all reliability testing performed are 
available on request. 
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10 —400 MHz 


The RF Line | 
HIGH GAIN AMPLIFIER 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


. low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


@ Supply Voltage = 24 V Nominal 


® Broadband Power Gain — 
Gp = 34 dB (Typ) @ f = 10-400 MHz 


Broadband Noise Figure — 
NF = 3.5 dB (Typ) @ f = 300 MHz 


. RE INPUT 
- Voc 

8. DC AND RF GROUND 
. RF OUTPUT 


Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in VHF/UHF Communications Equipment and 
RF Instrumentation Applications 


MAXIMUM RATINGS 


ating id 
[Supply Vehowe——SSSdSM 
a 
[Operating Case Temperature Range | To | -20%0 780 


‘Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Voc = 24 Vdc, Zo = 50 2, Te = 25°C. All 
characteristics guaranteed over bandwidth listed under ‘‘Frequency Range’’, unless specified 
otherwise.) 


Powerex Ye PS | 
1s_] 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f = 300-400 MHz) 


1 dB Compression 


1. MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION. 


(f = 10 MHz) | MIN | MAX | 
(€ = 200 MHz) 0 A 
(f = 400 MHz) ee 


poe 0.88 [O18 018 | 0.022 | 
| 11.81 | 12.95 | 0.465 [0.510 | 
Pia aia Taso aaa 


| 2.41 | 2.67 | 0.095 | ¢ 

ra [sae aoa 0 
3 | 3.96 BSC__| _0.156-BSC_| 
PK [9.65 | 10.41 | 0.380 | 0410 
[LL | 25.408SC_ [1.000 BSC__| 

4.06 | 4.32 | 0.160 | 0.170 | 
P| 2.46 { 2.92 | 0.085 | 0.115 | 
}Q |. 3.81 | 4.06 | 0.150 | 0.160 | 
[Rj | 


15.11 [ - [0595 | 
‘S$ | 38.10 BSC 1,500 BSC 
/T_ | 11.05] 17.43 | 0.435 | 0.450 | 


Reverse isolation 


2nd Harmonic 


Third Order Intercept 


Peak Envelope Power for -32 dB 
Distortion 


Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


DC Voltage 


CASE 714-01 


MHW590 


FIGURE 1 — POWER GAIN AND RETURN 
LOSS versus FREQUENCY : FIGURE 2 — POWER GAIN versus FREQUENCY 
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MHW590 


FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 


FIGURE 7 — INTERMODULATION DISTORTION — THIRD 


ORDER versus OUTPUT POWER 


ORDER versus OUTPUT POWER 
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FIGURE 11 — DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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_. 3 The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


. low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
— for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


© Supply Voltage = 13.6 V Nominal 


Broadband Power Gain — 
Gp = 36.5 dB (Typ) @ f = 1-250 MHz 


Broadband Noise Figure — 
NF = 3.7 dB (Typ) @ f = 30 MHz 


Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in HF/SSB, VHF Communications Equipment 
and RF Instrumentation Applications 


MAXIMUM RATINGS 


FT 
Tiaput ower in 
Operating Case Temperature Range Te 


ELECTRICAL CHARACTERISTICS (Vpc = 13.6 Vdc, Zg = 50 2, Tc = 25°C. All 
characteristics guaranteed over bandwidth listed under ‘Frequency Range’, unless specified 
otherwise.) 


Syma 
eregueney Range 


Powe Gam 
Gain Flatness 


Voltage Standing Wave Ratio, {n/Out 
(f= 1.0-30 MHz) 
(f = 30-250 MHz) 


1 dB Compression 
(f = 30 MHz) 

(f = 100 MHz) 
(f = 250 MHz) 


Peak Envelope Power 
(IMD3 = ~30 dB, f = 30 MHz) 
(IMD3 = ~30 dB, f = 100 MHz) 
(IMD3 = -30 dB, f = 250 MHz) 
Noise Figure 
(f = 30 MHz) 
(f = 100 MHz) 
(f = 250 MHz) 
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MHW591 


1.0 —-250 MHz 


HIGH GAIN AMPLIFIER 


. REF INPUT 
8. OC AND RF GROUND 


- Voc 
. RF OUTPUT 


1. MQUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION 


PMLLIMETERS erens| tenes] 


CASE 714-01 


MHW591 


FIGURE 71 — POWER GAIN versus FREQUENCY FIGURE 2 — POWER GAIN versus FREQUENCY 
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MHW591 


FIGURE 7 — INTERMODULATION FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER ; DISTORTION versus OUTPUT POWER 
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The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


@® Supply Voltage = 24 V Nominal 


@ Broadband Power Gain — 
Gp = 35 dB (Typ) @ f = 1-250 MHz 


@ Broadband Noise Figure — | 
NF = 3.6 dB (Typ) @ f = 30 MHz 


Ideal for Low Level Wideband Linear Amplifiers and AM 
Modulators in HF/SSB, VHF Communications Equipment 
and RF Instrumentation Applications 


MAXIMUM RATINGS 


Te 9 


ELECTRICAL CHARACTERISTICS (Voc = 24 Vdc, Zp = 50 2, Te = 25°C. All 
characteristics guaranteed over bandwidth listed under '’Frequency Range’’, unless specified 
otherwise.) 
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1.0—250 MHz 


HIGH GAIN AMPLIFIER 


. RF INPUT 
- Voc 

2,3,7,8. DC AND RF GROUND 
. RF OUTPUT 


1. MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION. 


CASE 714.01 


MHW592 


FIGURE 1 — POWER GAIN versus FREQUENCY FIGURE 2 — POWER GAIN wale FREQUENCY 
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Gp, POWER GAIN (4B) 
Gp, POWER GAIN (dB) 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 
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MHW592 


FIGURE 7 — INTERMODULATION a | FIGURE 8 — INTERMODULATION 
DISTORTION versus OUTPUT POWER DISTORTION versus OUTPUT POWER 
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FIGURE 9 —- DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA 


Semiconductors || MHW593 


BOX 20912 64 PHOENIX, ARIZONA 85036 


| 0 De RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


10—400 MHz 


HIGH GAIN AMPLIFIER 


_.. low-noise, high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


@ Supply Voltage = 13.6 V Nominal 


@ Broadband Power Gain — 
Gp = 34.5 dB (Typ) @ f = 10-400 MHz 


Broadband Noise Figure — 
NF = 4.0 dB (Typ) @ f = 300 MHz 


Idea} for Low Level Wideband Linear Amplifiers and AM 
Modulators in VHF/UHF Communications Equipment and 


RF Instrumentation Applications PIM! VRE INPOY 


2,3,7,8. OC AND RF GROUND 


- Voc 
- RF OUTPUT 


MAXIMUM RATINGS 


Operating Case Temperature Range 
Storage Temperature Range | Tstg S| -40to +100 | PC 


ELECTRICAL CHARACTERISTICS (Voc = 13.6 Vdc, Zg = 50 2, Tc = 25°C. All 
characteristics guaranteed over bandwidth listed under ‘‘Frequency Range’’, unless specified 
otherwise.) 


Symbe 
Frequency Range | BW 
frowerGoin iS 


Gain Flatness 
VSWR 


BW 
Gp 
F 
P1 
ITO 
PEP 


y Unit 


Ss 


= 
x= 
N 


34.5 36 


1. MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA GF TRUE 
POSITION AT MAXIMUM 
MATERIAL CONDITION. 


Voltage Standing Wave Ratio, In/Out 
(f= 10-300 MHz) © 
(f = 300-400 MHz) 


1 dB Compression [MILLIMETERS| INCHES | 
(f = 10 MHz) | 600 | MIN | MAX | 
(f = 200 MHz) 600 
(f = 400 MHz) 200 


(92) 
oO 


shoe do dette 
3 3 


Reverse lsolation | PR | 


| 2nd Harmonic 
(Pout = 10 mW) 


= eee het 
Peak Envelope Power for ~32 dB | PEP 
Distortion 
(f = 60 MHz) i 
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DC Voltage 
DC Current 
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FIGURE 1 — POWER GAIN AND RETURN 


LOSS versus FREQUENCY FIGURE 2 — POWER GAIN versus FREQUENCY 
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FIGURE 3 — POWER GAIN versus SUPPLY VOLTAGE FIGURE 4 — NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 7 — INTERMODULATION DISTORTION — THIRD 


FIGURE 8 — INTERMODULATION DISTORTION — FIFTH 


ORDER versus OUTPUT POWER: 


ORDER versus OUTPUT POWER 
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FIGURE 9 — INTERMODULATION DISTORTION — THIRD 


FIGURE 10 — INTERMODULATION DISTORTION — FIFTH 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


= Product Preview | | | 
The RF Line _ - | - 12dB GAIN 


CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


MHW1121 MHW1122 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed specifically for broadband applications requiring low 
distortion characterisitcs. Specified for use as: CATV trunk-line 
amplifier. Features all-gold metallization system. 


Broadband Power Gain — @ f = 40-300 MHz 
Gp = 12.0 dB (Typ) 


Broadband Noise Figure — @ f = 300 MHz 
NF = 6.0 dB (Typ) MHW1121 
NF = 6.5 dB (Typ) MHW1122 


Superior Gain, Return Loss and DC Current Stability 
With Temperature. 


. RF INPUT 
OC AND RF GROUND 


, Voc 
. RF OUTPUT 


All-Gold Metallization 


s & 
Saceee ee 
isieisisis 


sgegedcecce|E 


1. MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM CASE 714-01 
MATERIAL CONDITION. 


This is advance information and specifications are subject to change without notice. 
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MHW1121 «© MHW1122 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C unless otherwise noted) 


Characteristics 


Frequency Range | ew tao. | 
Power Gain — 60 MHz | Gp | ite | 120 | 124 | 


Gain Flatness , 


Return Loss — Input/Output 
(Z,5 = 75 Ohms) 

Second Order Intermodulation Distortion 
(Pout = +50 dBmV, Ch 2, 13, R) 


MHW1121 
MHW1122 


Cross Modulation Distortion 
(Pout = +50 dBmvV) 


MHW1121 12 Channel FLAT 
271 Channel FLAT 
30 Channel FLAT 
35 Channe! FLAT 
MHW1122 12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT 


Signal-to-Triple-Beat Noise 
(Pout = +50 dBmvV) 

MHW1121 12 Channel FLAT 

21 Channel FLAT 

30 Channel FLAT 

35 Channel FLAT 


MHW1122 12 Channe! FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channei FLAT 


Noise Figure 
(f = 300 MHz) 
MHW1121 
MHW1122 


DC Current 
(Voc = 24 £0.5 Vdc, Tc = 30°C) 
MHW1121 


loc 
160 190 
MHW1 122 200 230 


(MA) MOTOROLA Serniconductor Products inc.. 
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MOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


Product Preview 
| The RF Line | CATV INPUT/OUTPUT 


TRUNK AMPLIFIERS 


MHW1171 MHW1172 
MHW1221 MHW1222 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use as CATV trunk-line 
amplifier. Features all gold metallization system. 


Broadband Power Gain — @ f = 40-300 MHz 
Gp = 17.0dB (Typ) MHW 1171 MHW1172 
22.0dB (Typ) MHW 1221 MHW1222 


Broadband Noise Figure — @ f = 300 MHz 
NF = 6.0 db (Typ) MHW1171 
6.5 dB (Typ) MHW1172 
5.0 dB (Typ) MHW1221 
6.0 dB (Typ) MHW1222 


Superior Gain, Return Loss and DC Current Stability with 
Temperature 


All Gold Metallization 


. RF INPUT 
OC AND RF GROUND 


- Voc 
. RF OUTPUT 


MILLIMETERS] INCHES | 


1, MOUNTING HOLES WITHIN 
0.25 mm (0.010) OIA OF TRUE 
POSITION AT MAXIMUM CASE 714-01 
MATERIAL CONDITION. 


This is advance information and specifications are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C unless otherwise noted.) 


MHW1171-MHW1172 


= 
° 
= 
4 
G) 
2. 
= ] 
| 
oi 
°o 
S 
< 
N 


Gain Flatness 


Return Loss — Input/Output iIRL/OR L 
(Z, = 75 Ohms) : 

Second Order Intermodulation Distortion 
(Pout = +50 dBmvV, Ch 2, 13, R) 
MHW1171  MHW1221 


MHW1172) MHW1222 


Cross Modulation Distortion 
(Pout = +50 dBmv) 
MHW1171 MHW1221 12 Channel FLAT 

21 Channel FLAT 

30 Channel FLAT 

35 Channel FLAT 

MHW1172) MHW1222 12 Channel FLAT 

21 Channel FLAT 

30 Channel FLAT 

35 Channel FLAT 


Signal-to-Triple Beat Noise 
(Pout = +50 dBmv) 
MHW1171 MHW1221 12 Channel FLAT 

21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT 
MHW1172) MHW1222 12 Channel FLAT 

21 Channel FLAT 

30 Channel FLAT 

35 Channel FLAT 


Noise Figure _ 
(f = 300 MHz) 
MHW1171 MHW1221 

MHW1172) MHW1222 


DC Current 
(Voc = 24 £0.5 Vde, Tc = 30°C 
MHW1171. MHW1221 


ise 7 Es . | : a i - maa 
160 180 
MHW1172 MHW1222 200 220 
[Operating Case TemperstureRenge —+| tc | -2 | - | +0 | -20 | - | +90 | °C_ 
[Storage Temperature Range «| “Tatg | 40 ~—«| =O iY «s| = 4] = «| tS 
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MOTOROLA 


| Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


Product Preview 


CATV REVERSE 
AMPLIFIER 


The REF Line 


LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use as CATV reverse ampli-— 
fier. Features all gold metallization system. 


Broadband Power Gain — 
Gp = 18.5 dB (Typ) @ f = 5-120 MHz 


Broadband Noise Figure — 
NF = 5.0 dB (Typ) @ f = 100 MHz 

Superior Gain, Return Loss and DC Current Stability with 
Temperature 


All Gold Metallization 


123 


PIN. 1. RF INPUT 

2,3,7,8. DC AND RF GROUND 
5. Voc , 
9. RF OUTPUT 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vde, Ta = +25°C unless otherwise 


[characteristic —____|_Symbot_] 
[Gain Flares ——SSCSC~“‘~—S*~“—*“‘iSC‘C*d 


Return Loss — Input/Output IRL/ORL 
(Z> = 75 Ohms) 


Second Order Intermodulation 
Distortion 
(Pout = +50 dBmvV) 


Cross Modulation Distortion 
12 Channel FLAT 


Triple Beat Distortion 
(Pout = +60 dBmvV) 

i 
(f = 100 MHz) 

DC Current loc 
(Voc = 24 40.5 Vdc, Tc = 30°C) 


Operating Case Temperature Range Te 
Storage Temperature Range 


‘6-32 UNC 2B 


NOTE: 
1. MOUNTING HOLES WITHIN 
0.25 mm (0.010) OIA OF TRUE 
POSITION AT MAXIMUM 


MATERIAL CONDITION. 


° 


CASE 714-01 


This is advance information and specifications are subject to change without notice. 
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MHW1342 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


Product Preview | 
oS The RF Line TY | 
: CATV LINE 


EXTENDER AMPLIFIERS 


_ LOW DISTORTION WIDEBAND AMPLIFIER MODULE 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. Features all gold metallization system. 


® Broadband Power Gain — 

Gp = 34 dB (Typ) @ f = 40-300 MHz 
® Broadband Noise Figure — 

NF = 5.0 dB (Typ) @ f = 300 MHz 


® Superior Gain, Return Loss and DC Current Stability with 
Temperature 


@ All Gold Metallization 


. RF INPUT 
DC AND RF GROUND 

- Voc 

. RF OUTPUT 


[MILLIMETERS] INCHES _| 


ay | 


oll Ue 
D 
G 


1. MOUNTING HOLES WITHIN 
0.25 mm (0.010) DIA OF TRUE 
POSITION AT MAXIMUM ‘ 
MATERIAL CONDITION. ease ike! 


This is advance information and specifications are subject to change without notice. 
14.91 


MHW1341 © MHW1342 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C unless otherwise noted.) 


Characteristic 


Frequency Range 
Power Gain — 50 MHz 


Return Loss — Input/Output 1 IRL/ORL 
(Z,5 = 75 Ohms) 


Second Order Intermodulation Distortion 
(Pout = +48 dBmvV, Ch 2, 13, R) 


Cross Modulation Distortion 
(Pout = +48 dBmV) 
12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT 
Signal-to-Triple Beat Noise 
(Pout = +48 dBmvV) 
12 Channel FLAT 
21 Channel FLAT 
30 Channel FLAT 
35 Channel FLAT 
Noise Figure 
(f = 300 MHz) 
DC Current 
(Voc = 24 £0.5 Vde, Tc = 30°C) 


Operating Case Temperature Range T 


Storage Temperature Range 


MOTOROLA Semiconductor Products inc. 
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VIOTOROLA 
Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON RF SMALL-SIGNAL TRANSISTORS 


. .. designed primarily for use in high-gain, low-noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter 
applications. 


High Current-Gain—Bandwidth Product — 
fy = 1.6 GHz (Typ) @ Ic = 8.0 mAdc 


Low Noise Figure — 
NF = 3.9 dB (Max) @ f = 450 MHz — 2N3839 


Low Collector-Base Time Constant — 
lb Cc = 15 ps (Max) @ Ie = 2.0 mAdc 


Characterized with Scattering Parameters 


Ideal for Micro-Power Applications 


Emitter-Base Voltage 
Collector Current — Continuous 


| Total Device Dissipation@ Ta =25°C = | 


Derate above 25°C 


mw 
| mw/°c_ |. 


Storage Temperature Range 


“indicates JEDEC Registered Data. 
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2N2857_ 
2N3839 


NPN SILICON 
RF SMALL-SIGNAL 
TRANSISTORS 


SEATING 
PLANE 


STYLE 10 
PINT. EMITTER 
2, BASE 
3. COLLECTOR 


-~||-—D 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


2N2857 @ 2N3839 


“ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic [symbol [Min [Typ | Max | uni | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage** 
(Ic = 3.0 mAdc, Ig = 0) 


) Collector-Base Breakdown Voltage 
(Ic = 1.0 zAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(ig = 10 pAde, tc = 0) 


Collector Cutoff Current 
(Vcg = 15 Vdc, Ie = 0) Both Types 
(Vog = 15 Vde, Ie = 0, Ta = 150°C) 2N3839 


ON CHARACTERISTICS 


DC Current Gain hee 30 150 
(Ic = 3.0 mAde, Vcg = 1.0 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product ‘O) 2N2857 
(tc = 5.0 mAdc, Vcg = 6.0 Vde, f = 100 MHz) 2N3839 


Collector-Base Capacitance Cob 0.7 pF 
(Vcpg = 10 Vac, Ig = 0, f = 0.1 to 1.0 MHz) . 
Small-Signal Current Gain hfe 220 
(ic = 2.0 mAdc, VcgE = 6.0 Vdc, f = 1.0 kHz) 
Collector-Base Time Constant 2N2857 ‘pb Co 4.0 
(le = 2.0 mAdc, Vcp = 6.0 Vdc, f = 31.9 MHz) 2N3839 - 1.0 


Noise Figure (Figure 1) . Both 
5.8 - 
4.1 4.5 
_ 3.9 


(lg =0.1 mAdc, Vcg = 1.0 Vde, Rg = 50 ohms, f = 450 MHz) © tyres 


(I¢ = 1.5 mAdc, VcE = 6.0 Vdc, Rg = 50 ohms, f= 450 MHz) 2N2857 
2N3839 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Ig =0.1 mAdc, Vcg = 1.0 Vdc, f = 450 MHz) @ 


(tc = 1.5 mAdc, Vcg = 6.0 Vde, f= 450 MHz) 


Power Output (Figure 2) 
(l_ = 12 mAdc, Vcg = 10 Vdc, £ = 500 MHz) 


uindicates JEDEC Registered Data. 

**Motorola quarantees this data in addition to JEOEC Registered Data. 
‘O) f+ is defined as the frequency at which IngQl extrapolates to unity. 
@ Micro-Power Specifications. 


MOTOROLA Semiconductor Products Inc. AA 
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2N2857 @ 2N3839 


FIGURE 2 — TEST CIRCUIT FOR 
OSCILLATOR POWER OUTPUT 


FIGURE 1 — TEST CIRCUIT FOR NOISE 
FIGURE AND POWER GAIN 


Capacitance values in pF 


50.2 
DOUBLE-STUB 
TUNER 


L1— 3 turns #16 AWG wire, 3/8" 0.0. 1-1/4" long. 


a 500 


Capacitance values in pF 


O VEE = -7.5 Vde = 


L1, L2 - Silver-plated brass rod, 1-1/2" long and 1/4” dia. Install Apply Vee, and with signal generator adjusted for 5 mV 


at least 1/2” from nearest vertical chassis surface. output from amplifier, tune C1, c3, and C4 for 
L3 — 1/2 turn #16 AWG wire, located 1/4” from and maximum output. 
parallel to L2. {D) Interchange cannections to signal generator and 
* — External interlead shield to isalate collector lead from RF voltmeter. 
emitter and base teads. (E} With sufficient signal applied to output terminals of 
Neutralization Procedure: amplifier, adjust C2 for minimum indication at input. 
(A) Connect 450-MHz signal generator (with Rg = 50 ohms) (F) Repeat steps (A), (B), and (C) to determine if felon 
to input terminals of amplifier. is necessary. 
(B) Connect 50-ohm RF voltmeter across output terminals 


of amplifier. 


FIGURE 3 — NOISE FIGURE versus FREQUENCY FIGURE 4 — NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 


— — 


Vce = 6.0 Vde 

Ic = 1.0 mAdc 

Rs = Optimum | ~ 250 Ohms @ 105 and 200 MHz 
~ 100 Ohms @ 450 MHz 
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FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 
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2N2857 @ 2N3839 


vie, INPUT ADMITTANCE (mmhos) ft, CURRENT-GAIN—BANDWIDTH PRODUCT (GHz) 


Yfe- FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 6 — CURRENT-GAIN— 
BANDWIDTH PRODUCT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 8 — INPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 10 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


Vce = 6.0 Vde 
I¢ = 1.5 mAdc . 
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FIGURE 7 — NOISE FIGURE AND POWER GAIN 
versus COLLECTOR CURRENT 
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FIGURE 9 — OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 11 —REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 12 — S47, INPUT REFLECTION COEFFICIENT FIGURE 13 — Soo, OUTPUT REFLECTION COEFFICIENT 
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2N2857 @ 2N3839 


FIGURE 16 — 874, INPUT REFLECTION COEFFICIENT AND S22, OUTPUT REFLECTION COEFFICIENT 
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- 2N4957 
MOTOROLA 2N4958 
Semiconductors 2N4959 


BOX 20912. PHOENIX, ARIZONA 85036 . 2N5829 


1.2 GHz @ 2.0 mAdc — 2N4957, 2N5829 
1.0 GHz @ 2.0 mAdc — 2N4958, 2N4959 


PNP SILICON HIGH FREQUENCY TRANSISTORS HIGH FREQUENCY 


... designed for high-gain, low-noise amplifier, oscillator and mixer TRANSISTORS 


applications. ~ PNP SILICON 
® Low Noise Figure @ 450 MHz — 
NF = 2.5 dB (Max) — 2N5829 
= 3.0 dB (Max) — 2N4957 
= 3.3 dB (Max) — 2N4958 
= 3.8 dB (Max) — 2N4959 


@ High Power Gain @ 450 MHz — 
Gpe = 17 dB (Min) — 2N4957, 2N5829 
= 16 dB (Min) — 2N4958 
= 15 dB (Min) — 2N4959 
@ High Current-Gain—Bandwidth Product — 
ft = 1.2 GHz (Min) @ Ie = 2.0 mAdc — 2N4957, 2N5829 
= 1.0 GHz (Min) @ Ie = 2.0 mAdc — 2N4958, 2N4959 


SEATING 
PLANE 


*MAXIMUM RATINGS STYLE 10 
- we PINT. EMITTER: 


2. BASE 
3. COLLECTOR 
4. 


MILLIMETERS] INCHES | 
| MIN | MAX | 


CN | MAX 
| a_| 531 | 5.94 | 0.209 | 0.230 | 


“indicates JEDEC Registered Data. 


a 
rM | 459BSC 
1 N | 1.27 BSC 
LP | 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 
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2N4957 © 2N4958 e 2N4959 e 2N5829 


*ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted.) | 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(i¢ = 100 uAdc, Ie = 0) 


Emitter-Base Breakdown Voitage 
(te = 100 pAdc, Ic = 0) 


Collector Cutoff Current 
(Veg = 10 Vdc, Ie = 0) ; 
(Veg = 10 Vde, te = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, Veg = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product (1) fT | MHz 
(Ig = 2.0 mAdc, VcgE = 10 Vde, f= 100 MHz) 2N4957, 2N5829 1200 1600 2500 
2N4958, 2N4959 1000 1500 2500 


Collector-Base Capacitance 
(Vcg = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
({¢ = 2.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Collector-Base Time Constant 
(Ile = 2.0 mAdc, Vcg = 10 Vdc, f = 63.6 MHz) 


Noise Figure 
(Ic = 2.0 mAdc, VcgE = 10 Vde, f = 450 MHz) 2N5829 
2N4957 
2N4958 
2N4959 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voge = 10 Vdc, Ic = 2.0 mAdc, f = 450 MHz) 2N4957, 2N5829 


2N4958 
2N4959 


*Indicates JEDEC Registered Data. 
(1) fy is defined as the frequency at which fel extrapolates to unity. 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N4957 © 2N4958 @ 2N4959 @ 2N5829 


Vin ‘ 
Rg = 50 Ohms 


NF, NOISE FIGURE (dB) 


FIGURE 1 — NOISE FIGURE AND POWER GAIN 
TEST CIRCUIT 


Vout 
Ry = 50 Ohms 


€1,€2,C3,C4,C5 1.0-10 pF Variable Air Dielectric 

Piston-Type Capacitor 

Lt Silver-Plated Brass Bar Stock 1.0 in. 
Long, 1/4" Diameter 

£2. Silver-Plated Brass Bar Stock 1.625 in. 
Long, 1/4” Diamater, Tapped 1/4 ” 
from Hot End 

L3 0.5" Loop of #16 AWG Wire 0.375 in. 
from and Paratlel to L2 
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FIGURE 5 — CONTOURS OF NOISE FIGURE versus 
SOURCE RESISTANCE AND COLLECTOR CURRENT 
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NF, NOISE FIGURE (dB) Gy, UNILATERALIZED POWER GAIN (dB) 


Rs, SOURCE RESISTANCE (OHMS) 


FIGURE 2 — UNILATERALIZED POWER GAIN 
versus FREQUENCY 
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2N4957 ® 2N4958 @ 2N4959 e@ 2N5829 


COMMON EMITTER CIRCUIT DESIGN DATA 
(VcE = 10 Vdc, Ic = 2.0 mAdc) 


FIGURE 7 — TRANSDUCER GAIN 
versus FREQUENCY. 


GT, TRANSDUCER GAIN (dB) . 


45 70 100 200 300 500 600 
f, FREQUENCY (MHz) 


FIGURE 9 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 11 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 


_ Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 


0 
45 70 100 200 300 500 600 
f, FREQUENCY (MHz) 


NOTE 1 


Figures 7 through 18 are included to assist the circuit designer in determin- 


ing the stability of his particular circuit. Two stability criteria are given in 
these figures. 

The Linvill '“C” factor* is a measure of transistor stability when the input 
and output are terminated in the worst-case (open circuit) condition. When 


* “Transistors and Active Circuits,’ Linvill and Gibbons, McGraw-Hill, 1961. 


~ FIGURE 8 — LINVILL STABILITY FACTOR 
versus FREQUENCY 


Coo 
Ce be 
PU ee Ne bea 
Potential 
eee ae UNG Instability | Stability 
: (tt 
Ae ele oe Net ST li 
Pee Aca ee SO RERE 
N a 
ee ee 


40 


Range of - 
Uncondi- 
tional 


“C’ FACTOR 
ND 
i~) 


10 20 = 30 50 70 100 200 300 500 700 1000 1500 
f, FREQUENCY (MHz) 


FIGURE 10 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 12 — SOURCE ADMITTANCE 
versus FREQUENCY. (IMAGINARY) 
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f, FREQUENCY (MHz) 


—Bs, IMAGINARY PART OF SOURCE ADMITTANCE (mmhos) 


“C” is less than 1.0, the circuit is unconditionally stable. When ‘’C’’ is greater 
than 1.0, the circuit is potentially unstable. 

The Stern “K’' factor? has been defined to determine the stability of a 
practical amplifier terminated in finite load and source admittances. ff ““K’’ 
is greater than 1.0, the circuit will be stable. If less than 1.0, the circuit will 
be unstable. For further details, see Application Note AN-215A. 


T'’Stability and Power Gain of Tuned Transistor Amplifiers,” Artnur P. Stern, Proc. 
1.R.E., March 1967. ; 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N4957 @ 2N4958 @ 2N4959 © 2B5829 


COMMON BASE CIRCUIT DESIGN DATA 
(VcR = 10 Vde, Ic = 2.0 mAdc) 


FIGURE 13 — TRANSDUCER GAIN |. FIGURE 14 — LINVILL STABILITY FACTOR 
versus FREQUENCY versus FREQUENCY 
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FIGURE 17 — SOURCE ADMITTANCE FIGURE 18 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) versus FREQUENCY (IMAGINARY) 
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FIGURE 19 —- SMALL-SIGNAL CURRENT GAIN 
versus FREQUENCY 
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FIGURE 21 — fy versus COLLECTOR CURRENT 
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FIGURE 23 — CAPACITANCE 
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FIGURE 24 — COLLECTOR CHARACTERISTICS 
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Y PARAMETERS versus CURRENT 


(f = 450 MHz) 
COMMON BASE COMMON EMITTER 
Vc = 10 Vde VcB =15Vde —— — VceE = 10 Vde VCE = 1a Ndeaee 
FIGURE 25 — INPUT ADMITTANCE FIGURE 26 — INPUT ADMITTANCE 
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2N4957 © 2N4958 @ 2N4959 @ 2N5829 


COMMON BASE y PARAMETER VARIATIONS 
(Vc = 10 Vde, Ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY 
FIGURE 33 — vip INPUT ADMITTANCE 
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FIGURE 35 — Vib FORWARD TRANSFER ADMITTANCE 
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2N4957 @ 2N4958 @ 2N4959 ® 2N5829 


COMMON EMITTER y PARAMETER VARIATIONS 
(VcE = 10 Vdc, Ic = 2.0 mAdc) 


y PARAMETERS versus FREQUENCY POLAR y PARAMETERS versus FREQUENCY 
FIGURE 41 — yjg INPUT ADMITTANCE FIGURE 42 — yj, INPUT ADMITTANCE 
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MOTOROLA 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


2N5031 
2N5032 — 


2.5 dB @ 450 MHz — 2N5031 
3.0 dB @ 450 MHz — 2N5032 


- The RF Line 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


. designed primarily for use in high-gain, low-noise, small- 
signal amplifiers. 


@ High Current-Gain — Bandwidth Product — 
ff = 1000 MHz (Min) @ Ic = 5.0 mAdc 
@ Low Noise Figure @ f = 450 MHz — 
NF = 2.5 dB (Max) — 2N5031 
= 3.0 dB (Max) — 2N5032 


@ High Power Gain — 
Gpe = 14 dB (Min) @ f = 450 MHz 


*MAXIMUM RATINGS | 


SEATING 


Vv 
Vv 
Vv 
m 


: be . EMITTER 
Total Device Dissipation @ T a = 25°C 2. BASE 
Derate above 25°C mW/°C grax : ey Eeevas 


dc 

dc 

Wy 
% 


*indicates JEDEC Registered Data. 
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2N5031 @ 2N5032 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


paracrine | Sebo | min | tye | Mox |nie_ 


OFF CHARACTERISTICS 


*Collector-Emitter Breakdown Voltage 
| (c= 1.0 mAde, Ig = 0) 


*Collector-Base Breakdown Voltage 
(ic = 0.01 mAde, Ig = 0) 


*Emitter-Base Breakdown Voltage 
(ig = 0.01 mAdc, ic = 0) 


*Collector Cutoff Current 
(Vcg = 6.0 Vdc, Ig = 0) 
ON CHARACTERISTICS - 


“DC Current Gain 
(Ic = 1.0 mAdc, Vcg = 6.0 Vde) 


DYNAMIC CHARACTERISTICS 


*Current-Gain—Bandwidth Product 
(Ic = 5.0 mAdc, Vcg = 6.0 Vde, f = 100 MHz) 


“Output Capacitance : 
(Voce = 6.0 Vdc, Ig = 0, f = 0.1 MHz) 


Collector-Base Time Constant 
(Ic = 6.0 mAdc, Vcg = 6.0 Vdc, f = 31.8 MHz) 
"Noise Figure (Figure 1) 


(Ic = 1.0 mAdc, VcE = 6.0 Vdc, f = 450 MHz) 2N5031 
2N5032 


FUNCTIONAL TEST 


*“Common-Emitter Amplifier Power Gain (Figure 1) 


(VcE = 6.0 Vdc, Ic = 1.0 mAdc, f = 450 MHz) 


*indicates JEOEC Registered Data. 
(1) Tuned for Minimum Noise. 


FIGURE 1 — POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 2 — COLLECTOR-BASE CAPACITANCE versus VOLTAGE 
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L2 - 0.22 uh long, (over L3). 
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2N5031 @ 2N5032 


FIGURE 4 — S41 AND S22 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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2N5031 @ 2N5032 


NF, NOISE FIGURE (dB) 
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Yfe. FORWARD TRANSFER ADMITTANCE (mmhos) 
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FIGURE 7 ~— NOISE FIGURE versus FREQUENCY 
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FIGURE 9 — INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 8 — POWER GAIN versus FREQUENCY 


TUNED FOR 
MAXIMUM 
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FIGURE 10 — OUTPUT ADMITTANCE versus FREQUENCY 
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MOTOROLA 
Semiconductors 


2N5108 | 


BOX 20912. PHOENIX, ARIZONA 85036 


The REF Line 


1.0 W - 1 GHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 7 NPN SILICON 


... designed for amplifier, frequency multiplier, or oscillator applica- 
tions in military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 


@® Specified 1 GHz, 28 Vdc Characteristics — 
Output Power = 1.0 Watt 
Minimum Gain = 5.0 dB 
Efficiency = 35% 

@ Typical 1.68 GHz, 28 Vdc Characteristics — 
Output Power = 0.3 Watt 
Efficiency = 15% 


MAXIMUM RATINGS 


“Collector-Emitter Voltage 
(Rge = 10 Ohms) 


*Collector-Base Voltage 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


[MILLIMETERS | INCHES _| 
| “a | 389 | 9.40 | 0.350] 0.370 | 
[e [ 8.00 [8.51 {0.3151 0.335 | 
[ct 6.10 [6.60 | 0.240 | 0.260 | 
[0 | 0.406 [0.533 | 0.016 | 0.021 | 
PE [02297 3.18 | 0.009 [0.125 | 
PF | 0.406 [0.483 [0.016] 0.079 | 

4.83 [5.33 

: 


“Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


“Storage Temperature Range ~65 to +200 


. * Indicates JEDEC Registered Data. 


|G | 

| | 0. 
Jd | 0.737 | 4.02 _ | 
LK 11270 | - | 
ib | 6.35 | = | 


YM [| 45° NOM | 
Pe [ - [ia | 

r_Q |. 90°NOM | 90°NOM |. 
| R | 2.54 | - | 0.100] 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 
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2N5108 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


| anctwite | symbot tin tye ae | uit 


OFF CHARACTERISTICS 


Bree Emitter Sustaining Voltage VCE R(sus) 
= 5.0 mAdc, Ree = 10 ohms) 
Collector-Base Breakdown Voltage BVcBO 
(ig = 0.1 mAde, IE = 0) 
“Emitter-Base Breakdown velar BVEBO 
(Ie = 0.1 mAdc, Ic = 0) 
"Collector Cutoff Current ICEO 
(VcgE = 15 Vde, Ip = 0) 
"Collector Cutoff Current 


(VcgE = 50 Vdc, Vee = 0) 
(VcE = 15 Vde, Veg = 0, Tc = 150°C) 


ON CHARACTERISTICS 


Collector-E mitter Saturation Voltage VCE (sat) Vdc 
(i¢ = 100 mAdc, Ig = 10 mAdc) 


DYNAMIC CHARACTERISTICS 


*Current-Gain—Bandwidth Product 
(ig = 50 mAdc, VcE = 15 Vde, f = 200 MHz) 


*Output Capacitance 
(Veg = 30 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


*Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 1.0 W, Vcc = 28 Vdc, Ic = 102 mAdc, 
f = 1.0 GHz) 


Power Output (Figure 1) 
(Pin = 316 MW, VcE = 28 Vdc, f = 1.0 GHz) 


*Collector Efficiency 
(Pi, = 316 MW, Vee = 28 Vde, f = 1.0 GHz) 


Power Output (Oscillator) (Figure 2) 
(Voce = 20 Vde, Veg = 1.5 Vdc, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


*Indicates JEDEC Registered Data. 


(AA) MOTOROLA Semiconductor Products Inc. 
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2N5108° 


FIGURE 1 — 1 GHz RF AMPLIFIER OUTPUT 
POWER TEST CIRCUIT 


BIAS TRANSISTOR 


1 p44 -8200 20 +709 | 


- 
i i 
| 
| 
| 


di: 1” tnput line, center conductor width = 0.280” 
d2: 1” Output line, center conductor width = 0.125” 
Q: 2N5108 
R: 3.9 ohms 
T1, 72: Microlab Double Stub Tuner, or Equivalent 
Bias Tee: Microlab O8N, or Equivalent 
Transistor Mount: 1/32" Microstrip board 


Note: Impedance measurements are made at transistor socket pins. 


FIGURE 2 — 1.68 GHz RF OSCILLATOR OUTPUT 
POWER TEST CIRCUIT 


+VCC -Vec =2.0V 


L1, L2 — 1/16” Microstrip Board. Lines are 0.16" 
wide and 1.31” long. 


L3 — 1/16" Microstrip Board. 0.16" wide and 
0.65" long. 
L4 — RF Choke, 3.6 Hy 
C1 — 0.4 pF — 6.0 pF Johanson 4640 
L4 C2 - 1.0 pF — 10 pF Johanson 4355 
C3, C4 — 25 pF Feedthru 
R — 2.0 k ohms Miniature Trim pot 


OUTPUT 


(AA) MOTOROLA Semiconductor Products Inc. 
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FIGURE 3 — OUTPUT POWER versus INPUT POWER FIGURE 4 — OUTPUT POWER versus FREQUENCY 
1.2 
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0 0.1 0.2 0.3 0.4 0.5 0.4 0.5 0.6 07 «© 08° 0.9 1.0 
Pin, POWER INPUT (WATTS) f, FREQUENCY (Hz) 
FIGURE 5 — OUTPUT POWER | FIGURE 6 — OSCILLATOR OUTPUT POWER 
versus COLLECTOR-EMITTER VOLTAGE versus COLLECTOR CURRENT 


Pout, OUTPUT POWER (WATTS) 
Pout, QUTPUT POWER (WATTS) 


0 20 40 60 80 100 120 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 7 CURRENT-GAIN—BANDWIDTH FIGURE 8 COLLECTOR BASE 


PRODUCT versus CURRENT CAPACITANCE versus VOLTAGE 


ff, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
Cob, COLLECTOR-BASE CAPACITANCE (pF) 


Ic, COLLECTOR CURRENT (mAdc) Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


(AA) MOTOROLA Serniconductor Products Inc. 
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MOTOROLA 
Semiconductors 


BOX 20912 « PHOENIX, ARIZONA 85036 


| The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


... designed specifically for broadband applications requiring good 
linearity. Useable as a high frequency current mode switch to 
200 mA. 


® Low Noise Figure — @ f = 200 MHz 
NF = 3.0 dB (Typ) 

® High Current-Gain — Bandwidth Product — 
ft = 1200 MHz (Min) @ lc = 50 mAdc 


*MAXIMUM RATINGS 


(1) Total Device Dissipation at Ta= 25°C is 1.0 Watt. 
* Indicates JEDEC Registered Data. 


FIGURE 1 — RF AMPLIFIER FOR VOLTAGE 
GAIN TEST CIRCUIT 


Pout 
(Z, = 75 8) 


T1 C82 


(SEE 
DETAIL) 


DETAIL 
OF TRANSFORMER 


+VCC 


C1,€2,C3,C5 0.002 pF R3 33082, 1W 
0.03 uF R4 20082, 1/4W 
1500 pF Ti 4 Turns #30 Wire 
16 pF Bifilar wound on “Indiana General” 
47k, V/4w Core #CF-102-01, or equivalent 
6.82, /2W 
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2N5109 


1.2 GHz @ 50 mAdc 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


SEATING 
PLANE 


STYLE 1 
PIN 1. EMITTER 
~ 2. BASE 
3. COLLECTOR 


| 0.021 | 
| € | 0.229) 3.18 | 0.009] 0.125 | 
| F { 0.406 | 0.483 | 0.0161 0.019 | 
| G | 4.83 | 5.33 | 0.190 | 


| 0.210 | 
|_H | 0.711 | 0.864 | 0.028 | 0.034 | 
|_J | 0.737 | 1.02 | 0.029] 0.040 


All JEDEC dimensions and notes apply. 


CASE 793-02 
TO-39 


2N5109 


ELECTRICAL CHARACTERISTICS (Tc¢ = 25°C unless otherwise noted) 


[_____Choracwrstic————S—*d—ymbot_— Mn << «dS 


“OFF CHARACTERISTICS 
ollector-E mitter Sustaining Voltage VcEO Vde 
(ic = 5.0 mAdc, Ig = 0) (sus) 

ollector-Emitter Sustaining Voltage (1) VCER Vdc 
(Ic = 5.0 mAdc, Ree = 10 2) (sus) 

ollector Cutoff Current IcEO | 20 uAdc 
(VcE = 15 Vdc, Ig = 0) 

ollector Cutoff Current ICEX mAdc 
(Voce = 15 Vde, Vag = -1.5 V, Tc = 150°C) 
(VcE = 35 Vdc, Veg =-1.5 V) mAdc 
mitter Cutoff Current pAdc 

| (VBE = 3.0 Vdc, Ic = 0) 

“ON CHARACTERISTICS . 


DC Current Gain 
(Ic = 360 mAdc, VcgE = 5.0 Vde) 


(Wc = 50 mAdc, Vcg = 15 Vde) 


DYNAMIC CHARACTERISTICS 
*Current-Gain — Bandwidth Product 
(ic = 50 mAdc, Veg = 15 Vde, f= 200 MHz) 


* Collector-Base Capacitance 
(Vop = 15 Vdc, Ig = 0, f= 1.0 MHz) 


Noise Figure 

(Ic = 10 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
(Figure 2) | 

FUNCTIONAL TEST 

*Common-Emitter Amplifier Voltage Gain (Figure 1) 
(Ic = 50 mAdc, Vcc = 15 Vdc, f = 50to 
216 MHz) 

"Power Input (Figure 2) 
(tc =50 mAdc, Vcc = 15 Vdc, Rs = 500hms, 
Pout = 1-26 mW, f = 200 MHz) 


*indicates JEDEC Registered Data. 
(1) Pulsed thru a 25 mH Inductor; 50% Duty Cycle 


FIGURE 2 — 200 MHz TEST CIRCUIT 


Pout 
Pin (2, = 502) 
(Rg = 50.92) ~ f= 


C1, C2, C3 1.0— 30 pF L1 4-1/2 turns, No. 22 wire, 3/16” 1.0. 
C4 1.0 - 20 pF L4 3-1/2 turns, No. 22 wire, 3/16” 1.0. 
C5 10,000 pF L2, 13 0.82 uH RFC 
C6, C7 1,000 pF R1 240 OHMS, 2 WATTS 
C8 0.01 uF 


e 
-VEE +Vcc 


MOTOROLA Semiconductor Products Inc. AA 
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ft, CURRENT GAIN-BANDWIOTH PRODUCT (GHz) 


V, VOLTAGE (VOLTS) 


FIGURE 3 ~ CURRENT-GAIN — BANDWIDTH PRODUCT 
2.5 


2.0 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — SATURATION VOLTAGES 


5.0 7.0 


10 200 300 500 


Ic, COLLECTOR CURRENT (mAdc) 


th’Cc, COLLECTGR-BASE TIME CONSTANT (ps) 


C, CAPACITANCE (pF) 


FIGURE 4 — COLLECTOR-BASE TIME CONSTANT 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 6 — CAPACITANCES versus REVERSE VOLTAGE 
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FIGURE 8 — INPUT estes 


versus COLLECTOR CURR 


FIGURE 7 — INPUT ADMITTANCE versus FREQUENCY 
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FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus 


COLLECTOR CURRENT 
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FIGURE 11 — FORWARD TRANSFER ADMITTANCE 
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FIGURE 13 — OUTPUT ADMITTANCE versus FREQUENCY FIGURE 14 — OUTPUT ADMITTANCE versus COLLECTOR 
CURRENT 
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FIGURE 15 — INPUT REFLECTION COEFFICIENT versus FIGURE 16 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY FREQUENCY 


FIGURE 15 — INPUT REFLECTION COEFFICIENT versus FIGURE 16 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY FREQUENCY . 
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FIGURE 17 — REVERSE TRANSMISSION FIGURE 18 — FORWARD TRANSMISSION COEFFICIENT 
COEFFICIENT versus FREQUENCY versus FREQUENCY 
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—2N5179 


Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 
4.5 dB @ 200 MHz 
HIGH FREQUENCY 
TRANSISTOR 


: NPN SILICON 
NPN SILICON RF HIGH FREQUENCY TRANSISTOR 


... designed primarily for use in high-gain, low-noise amplifier, oscil- 
lator, and mixer applications. Can also be used in UHF converter 
applications. 


High Current-Gain — Bandwidth Product — 
fr = 1.4 GHz (Typ) @ Ic = 10 mAdc 


Low Collector-Base Time Constant — 
rh Cc = 14 ps (Max) @ Ie = 2.0 mAdc 


Characterized with Scattering Parameters 


Low Noise Figure — 
NF = 4.5 dB (Max) @ f = 200 MHz 


SEATING 
PLANE 


4 STYLE 10 
MAXIMUM RATINGS PIN1. EMITTER 
; 2. BASE 
3. COLLECTOR 


Collector-Emitter Voltage 
Applicable 1.0 to 20 mAdc 


Coliector-Base Voltage 


| Emitter-Base Voltage | VERB 


MILLIMETERS] INCHES | 


Collector Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C __ 


| Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


*indicates JEDEC Registered 0 
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0.230 | 
[0.195 | 
0.230 | 
[0.021 | 
| 0.030 | 
| 0.016 | 0.019 | 


S| eee 
Bee 


= 
: 


« 


— 
% 
bd 
it~] 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


2N5179 


“ELECTRICAL CHARACTERISTICS (Ta = 259°C unless otherwise noted) ° 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 
(ic = 3.0 mAde, Ig = 0) 12 
Coilector-Base Breakdown Voltage BVcgo Vdc 
(tc = 0.001 mAdc, te = 0) 20 
Emitter-Base Breakdown Voltage BVEBO Vde 
(Ie = 0.01 mAde, Ic = 0) 2.5 
Collector Cutoff Current ICBO pAdc 
0.02 
1.0 


(Vcg = 15 Vdc, Ie = 0) 
i 


(Veg = 15 Vdc, tg = 0, Ta = 150°C) 


ON CHARACTERISTICS 
| BC Current Gain E 
(i¢ = 3.0 mAdc, Vce = 1.0 Vde) 250 
Coilector-Emitter Saturation Voltage _ VCE (sat) Vde 
(ic = 10 mAdc, Ig = 1.0 mAdc) | 
Base-Emitter Saturation Voltage VBE (sat) Vdc 
{Ic = 10 mAdc, Ig = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 
(ic = 5.0 mAdc, Vee = 6.0 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(Vop = 10 Vdc, te = 0, f = 0.1 to 1.0 MHz) 


Small!-Signal Current Gain 
(I¢ = 2.0 mAdc, Veg = 6.0 Vde, f = 1.0 kHz) 


Collector-Base Time Constant 
(le = 2.0 mAdc, Vog = 6.0 Vde, f = 31.9 MHz) 


Noise Figure (See Figure 1) 
(Ic = 1.5 mAdc, Vcge = 6.0 Vdc, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(VcE = 6.0 Vde, Ic = 5.0 mAdc, f = 200 MHz) 


Power Output (See Figure 2) 
(Veg = 10 Vde, Ig = 12 mAdc, f2500 MHz) 


“indicates JEDEC Registered Values. 
Q)fr is defined as the frequency at which lhto| extrapolates to unity. 
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


TYPE 
1N3195 : 
TYPE " ane oe 
1N3195 = = 
oc O--O0 ns) 29-19 19509 
COMMON “c7 - LOAD 
= “Liao 10-5.0 | 4 f_ 
FROM 502°~ - : | EXTERNAL Se 
SOURCE 9.02 pF LI b L f 50-10 
| Cy) ud #% 
Cin c2 Ot uF = 
= 30-35 2.0 - 10 4: 
= 7 | RFC 
“MEE O-O0 O--OD +VCC 


‘Pre 


0.1 uF TL Treo 


Li 1-3/4 Turns, #18 AWG, 0.5” L, 0.5” Diameter 
L2 2 Turns, #16 AWG, 0.5" L, 0.5” Diameter 
L3 2 Turns, #13 AWG, 0.25’ L, 0.5" Diameter (Position 1/4” from L2) 


FIGURE 3 — NOISE FIGURE 
versus FREQUENCY 


Vee = 6.0 Vde 
I¢ = 1.0 mAdc 
Rs = Optimum { ~ 250 Ohms @ 105 and 200 MHz 
= 100 Ohms @ 450 MHz 


NF, NOISE FIGURE (dB) 


Rs, SOURCE RESISTANCE (OHMS) 


f, FREQUENCY (MHz) 
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FIGURE 2 — 500 MHz OSCILLATOR CIRCUIT 


75 pF OUTPUT 


SEE NOTE 1 


RFC 


Note 1 — Coaxial-Line output.network consisting of: 
2 General Radio Type 874-TEE or equivalent 
1 General Radio Type 874-D20 Adjustable Stub or equivalent 
1 General Radio Type 874-LA Adjustable Line or equivalent 
1 Generat Radio Type 874-WN3 Short-circuit termination or equivalent 


Note 2 — RFC = 0.2 pH Ohmite #2-460 or equivalent 
Note 3 — Lead Number 4 (case) floating 

L1 — 2 turns #16 AWG wire, 3/8 inch OD, 1-1/4 inch tong 
Q= 2N5179 


FIGURE 4 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 


| 


' 
ie 


Primi 


Paveey 


a 
SS ost 
we ee Sa Sa0 
RS ane eg oe ee eS 
Pn ea Raa VRE 
pe OE N 
optge| | | ft tA 
0 |) 2 ee 
70 bo | ae ae eae, ees en ee a 

0 = mEeees anne 
60; = 5 dB wt — ff} at qt 
fo Leslee hale are ee a 
Gee clea ce ale 
0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 
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FIGURE 5 — NOISE FIGURE versus SOURCE 
RESISTANCE and COLLECTOR CURRENT 


Vce = 6.0 Vde 
f = 200 MHz 


Ic, COLLECTOR CURRENT (mAdc)_ 
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yie, INPUT ADMITTANCE (mmhos) ff, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


Yfe. FORWARD TRANSFER ADMITTANCE (mmhos) 


FIGURE 6 — CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 7 — INPUT ADMITTANCE FIGURE 8 — OUTPUT ADMITTANCE 
versus FREQUENCY versus FREQUENCY 
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FIGURE 11— S44, INPUT REFLECTION COEFFICIENT FIGURE 12—S22, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 15— S44, INPUT REFLECTION COEFFICIENT AND S22, OUTPUT REFLECTION COEFFICIENT 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


1.3 GHz @ 100 mAdc 


HIGH-FREQUENCY 
TRANSISTOR 


PNP SILICON 


PNP SILICON HIGH-FREQUENCY TRANSISTOR 


. designed for applications in high frequency amplifiers and non- 
saturated switching circuits. High gain-bandwidth product charac: — 
teristic provides excellent performance in a variety of small signal 
and linear amplifier applications. 


@ High Current-Gain—Bandwidth Product — 
ff = 1300 (Min) @ Ic = 100 mAdc 


© Low Collector-Base Time Constant — 
'b Cc = 8.0 ps (Typ) @ Ic = 50 mAdc 


STYLE 1 


MAXIMUM RATINGS . Im | ANS ee 


3. COLLECTOR 
VCEO Vi 


* Collector-Emitter Voltage 


* Collector-Base Voltage 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


MILLIMETERS | INCHES | 
| MIN [MAX [ MIN [MAX | 
| A | 8.89 | 9.40 | 0.350] 0.370 


*tndicates JEDEC Registered Data. 


All JEBEC dimensions and notes apply. 


CASE 79-02 
TO-39 


1R_27 


2N5583 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


. Figure 
‘ Characteristic No. Symbol Typ 


*OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Note 1) 
(Ic = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 wAde, Ie = 0) 
Emitter-Base Breakdown Voltage 
(tg = 100 pAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 20 Vdc, Ie = 0) 
Emitter Cutoff Current 
(Veg = 2.0 Vdc, Ic = 0) 
*ON CHARACTERISTICS 
DC Current Gain (Note 1) 
(tc = 40 mAdc, Vcg = 2.0 Vdc) 


(Ic = 100 mAdc, Vcg = 2.0 Vdc) 
(Ic = 300 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage (Note 1) 
(1c = 100 mAdc, Ig = 10 mAdc) 


Base-E mitter On Voltage (Note 1) 
(I¢ = 100 mAdc, VcE = 2.0 Vdc) 


SMALL -SIGNAL CHARACTERISTICS 
*Current-Gain—Bandwidth Product 
(Ic = 40 mAdc, Vcg = 10 Vade, f = 100 MHz) 

(t¢ = 100 mAdc, Vcg = 10 Vde, f = 100 MHz) 


“Collector-Base Capacitance 
(Vop = 15 Vde, Ig = 0, f = 100 kHz). 


“Emitter-Base Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f= 100 kHz) © 


Collector-Base Time Constant 
(Ic = 50 mAdc, Vcpg = 10 Vdc, f = 63.6 MHz) 


SWITCHING CHARACTERISTICS 
Delay Time 


(Vcc = 31.4 Vde, Ic = 150 mAdc, 
Rc = 160 Ohms, Re = 26.6 Ohms) 


Rise Time 


Fall Time 


“Indicates JEDEC Registered Data. 
Note 1: Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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hee, OC CURRENT GAIN 


V, VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 


FIGURE 1 — DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 3 — “ON” VOLTAGES 
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eV, COEFFICIENT (mv/2C) 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 —- COLLECTOR CURRENT versus BASE VOLTAGE 
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FIGURE 6 — TEMPERATURE COEFFICIENTS 
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ft, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 9 — SWITCHING TIMES 
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FIGURE 8 —~ COLLECTOR-BASE TIME CONSTANT 


Ta = 25°C 
f= 63.6 MHz 


fh Ce, COLLECTOR-BASE TIME CONSTANT (ps) 


ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — SWITCHING TIMES TEST CIRCUIT 
~Vec *~ 30 V 


eee 
Vin Scope Z 
se = 50 Ohms 
Vin = -5.0 Vde 
PW = 100 ns 


Duty Cycle = 2.0% 


Ic | Re RE | Vcc 
mA | Ohms | Ohms | Volts 


50 | 526 80 
150 | 160 | 26.6 
300 ; 78 13.3 
500 | “46.5 8.0 
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2N5835 
2N5836 
2N5837 


MOTOROLA 


Semiconductors 


BOX 20912 ¢ PHOENIX, ARIZONA 85036 


The RF Line 
2.5 GHz @ 10 mAdc — 2N5835 


2.0 GHz @ 50 mAdc — 2N5836 

| 1.7 GHz © 100 mAdc — 2N5837 
NPN SILICON HIGH-FREQUENCY TRANSISTORS 
HIGH FREQUENCY 


... designed primarily for use in fact current-mode switching circuits TRANSISTORS 
in military and industrial equipment. Suitable for use in general 
high-frequency amplifier applications to 1.5 GHz. NPN SILICON 


@e 2N5835 — 10 mAdc, 6.0 Vdc Characteristics 
f7 = 2.5 GHz (Min) 
tb Cc = 5.0 ps (Typ) 
try = 250 ps (Typ) 
@ 2N5836 — 50 mAdc, 6.0 Vde Characteristics ~ G7 
ft = 2.0 GHz (Min) 
Tp Cc = 6.0 ps (Typ) 
tr = 320 ps (Typ) 
@ 2N5837 — 100 mAdc, 3.0 Vdc Characteristics — 


f7 = 1.7 GHz (Min) TO-46 
rp Cc = 6.0 ps (Typ) 2N5836 TO-72 
tr = 650 ps (Typ) 2N 5837 2N 5835 


*MAXIMUM RATINGS 


SEATING 
oliector Current — Continuous : 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


.2, BASE 
. COLLECTOR 


MILLIMETERS] INCHES | 
DIM | MIN ] 


SEATING 
PLANE 


ello] an mic coo! 


~z 


ie x!aimim: 


: f--] 
meododeas 
HA|ricjlo, ! ! ! 
2a pag bee eae ieleglen 
oO] at t ' 

‘ 

Hy ! 

lnioialo|eanis 

i] 

Le | 


STYLE 10 
_ PINT, EMITTER 
. BASE 
COLLECTOR 
CASE 


|r 


z 


All JEDEC dimensions and notes apply 
ALL JEDEC dimensions and notes apply 


CASE 26-03 
TO-46 


CASE 20-03 
TO-72 
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2N5835 @ 2N5836 @ 2N5837 


* ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


symbol | Min | tye | Max 


OFF CHARACTERISTICS 


Coltlector-Base Breakdown Voitage | BVcCBO Vde 
(tc = 10 wAdc, Ig = 0) 2N5835 15 
(Ig = 100 pAdc, I¢ = 0) 2N5836 15 
2N5837 10 


Emitter-Base Breakdown Voltage BVEBO 3.5 Vdc 
(lg = 100 wAdc, Ic = 0) 
ICBO 
(Vcpg = 7.5 Vde, Ie = 0) 2N5835 
(Vcp = 10 Vdc, Ig = 0) 2N5836 
Emitter Cutoff Current lEBO uAdc 
(VER = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
(I¢ = 10 mAdc, VcgE = 6.0 Vdc) 2N5835 
(Ig = 50 mAdc, VcgE = 6.0 Vdc) 2N5836 


Collector Cutoff Current wAdc 
| 0.01 
10 
iVcp = 5.0 Vdc, Ie = 0) 2N5837 10 
{DC Current Gain 
(tc = 100 mAdc, Vcg = 3.0 Vde) 2N5837 


Base-E mitter On Voltage VBE (on) 
| (Ie = 10 mAdc, Vcg = 6.0 Vde) - 2N5835 


(Ic = 50 mAde, Vcg = 6.0 Vdc) 2N5836 
(Ic = 100 mAdc, Vcg = 3.0 Ve) 2N5837 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product (* 
(Ic = 10 mAde, Vcg = 6.0 Vde, f = 200 MHz) 2N5835 


(Ic = 50 mAdc, VcgE = 6.0 Vdc, f = 200 MHz) 2N5836 
(I¢ = 100 mAdc, VcgE = 3.0 Vdc, f = 200 MHz) 2N5837 
Collector-Base Capacitance 


(Vop = 10 Vac, Ig = 0, f = 0.1 to 1.0 MHz) 2N5835 
2N5836 


(Vcp = 5.0 Vdc, ie = 0, f = 0.1 to 1.0 MHz) 2N5837 


| Collector-Base Time Constant @ 
(Ic = 10 MAdc, Vcg = 6.0 Vde, f = 63.6 MHz) 2N5835 
(Ic = 50 mAdc, VcgE = 6.0 Vdc, f = 63.6 MHz) 2N5836 
(Ic = 100 mAdc, VcgE = 3.0 Vac, f = 63.6 MHz) 2N5837 


SWITCHING CHARACTERISTICS @ 


| Rise Time (See Figure 1) (Ic = 10 mAdc)  2N5835 
(Ic = 40 mAdc) 2N5836 
2N5837 


“indicates JEDEC Registered Data 


Ory is defined as the frequency at which Intel extrapolates to unity. 
@ Typical values shown in addition to JEOEC Registered Data. 


FIGURE 71 — SWITCHING TIME TEST CIRCUIT 


To Oscilloscope Vertical inputs O +1.3 Vde 
(Tektronix 568 or Equivalent) 


Ga ee 


Channel 1 
Vin 


This test set-up is designed to simulate 
a cascade of identical stages. Rg =RL 
Vin = Vout = 1.0V : 

Oy ef is a transistor of the 

same type as the transistor 

under test. 


Channet 2 
Vout 


380 
95 
38 


= O -2.5 Vde — 2N5837 
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2N5835 ® 2N5836 @ 2N5837 


ff, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


tp Cc, COLLECTOR BASE TIME CONSTANT (ps) 


FIGURE 2 — SWITCHING TIME 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4 — CURRENT-GAIN-BANDWIDTH PRODUCT 
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FIGURE 6 — COLLECTOR-BASE TIME CONSTANT 
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Ic, COLLECTOR CURRENT (mAdc) 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


ff, CURRENT-GAIN BANDWIDTH PRODUCT (GHz) 


Cch, COLLECTOR-BASE CAPACITANCE (pF) 


FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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I¢, COLLECTOR CURRENT (mAdc) 


FIGURE 7 — COLLECTOR-BASE CAPACITANCE 
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2N5635 @ 2N5836 @ 2N5837 


2N5835 SCATTERING PARAMETERS 
(IC = 5.0 mAdc, VcE = 6.0 Vde, ZG = 2, =50 Ohms) 


FIGURE 8 — S74, INPUT REFLECTION COEFFICIENT FIGURE 9 — Sag, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 10 — S39, REVERSE TRANSMISSION COEFFICIENT FIGURE 11 — S91, FORWARD TRANSMISSION COEFFICIENT 
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2N5835 @ 2N5836 ® 2N5837 


2N5836 SCATTERING PARAMETERS 
(Ic = 100 mAdc, VcE = 10 Vde, 2G = ZL = 50 Ohms) 


FIGURE 12 — S47, INPUT REFLECTION COEFFICIENT FIGURE 13 — Sg9, OUTPUT REFLECTION COEFFICIENT 


FIGURE 14 — Sz, REVERSE TRANSMISSION COEFFICIENT FIGURE 15 —S34, FORWARD TRANSMISSION COEFFICIENT 
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2N5835 @ 2N5836 @ 2N5837 


2N5837 SCATTERING PARAMETERS 
(t¢ = 100 mAdc, VcE = 3.0 Vde, ZG = Z, = 50 Ohms) 


FIGURE 16 — S44, INPUT REFLECTION COEFFICIENT FIGURE 17 — S99, OUTPUT REFLECTION COEFFICIENT 


FIGURE 18 — S12, REVERSE TRANSMISSION COEFFICIENT FIGURE 19 — S21, FORWARD TRANSMISSION COEFFICIENT 
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2N5841 
2N5842 


MOTOROLA 


Semiconductors 


BOX 20912 4 PHOENIX, ARIZONA 85036 


‘The RF Line | 


2.2 GHz @ 25 mA — 2N5841 
1.7 GHz @ 25 mA — 2N5842 


: : HIGH-FREQUENCY 
NPN SILICON HIGH-FREQUENCY: TRANSISTORS | TRANSISTORS 
.. . designed to provide ultra-fast switching times in current-mode NPN SILICON 
circuits at collector currents to 80 mAdc. 


@ High Current-Gain— Bandwidth Product — @ Ic = 25 mAdc 
fT = 2.2 GHz (Min) 2N5841 
1.7 GHz (Min) 2N5842 


e Low Collector-Base Capacitance — 
Cob = 1.5 pF (Max) @ Vcp = 4.0 Vdc 


e@ Fast Non-Saturated Switching Times — @ !c = 30 mAdc 
Typical Values 
td(on) =0.4ns 


tr = 0.18 ns 
td(off) = 0.3 ns 
tf = 0.20 ns 


SEATING 
PLANE 


*MAXIMUM RATINGS ; 


STYLE 10 
PIN]. EMITTER 
2. BASE 
3. COLLECTOR 
4, CASE 


MILLIMETERS| INCHES | 


Emitter-Base Voltage 


Collector Current — Continuous 


Operating and Storage Junction Ty, T stg -65 to +200 | °c 
Temperature Range 


*Indicates JEDEC Registered Data. 


1R-47 


2N5841 @ 2N5842 


*ELECTRICAL CHARACTERISE? (Tc = 25°C unless otherwise noted) 


symbot_| min | typ | Max | unit_| 


OFF CHARACTERISTICS 


-Collector-E mitter Sustaining Voltage VCEO (sus) Vde 
(Ic = 5.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage BVcBO Vde 
(te = 100 nAdc, Ie = 0) 
Emitter-Base Breakdown Voltage BVEBO 3.0 Vde 
(le = 100 uAdc, Ic = O) 
Collector Cutoff Current ICBO 20 nAdc 
(Vcop = 10 Vde, te = 0) . 
Emitter Cutoff Current nwAdc 
(Vee = 2.5 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain hee 
(Ic = 25 mAdc, Vcg = 4.0 Vde) 2N5841 25 200 
2N5842 25 250 
Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 25 mAdc, Vcg = 4.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product 


(I¢ = 10 mAdc, VcE = 4.0 Vdc, f = 200 MHz) 2N5841 
, 2N5842 

(1c = 25 mAdc, VcE = 4.0 Vdc, f = 200 MHz) 2N5841 
2N5842 

(I¢ = 50 mAdc, Vcg = 4.0 Vdc, f = 200 MHz) 2N5841 


2N5842 


Emitter-Base Capacitance 
(VeBp = 0.5 Vdc, Ic = 0, f = 100 MHz) 


| Collector-Base Tirne Constant 
(Ie = 25 mAdc, Veg = 4.0 Vde, f = 31.8 MHz) 2N5841 
2N5842 


ane CHARACTERISTICS 


Turn-On rece oe Tre Time 
(I¢ = 30 mAdc) 
[Rise Time Time 


(Ig = 30 mAdc) ae 


*Indicates JEDEC Registered Data 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


TO DUAL-CHANNEL 
SAMPLING SCOPE 
0 WITH 50-0HM INPUTS 


-1.0V Vin 
tr = tfs1.0 ns 


Vin and Vout are attenuated 20:1 at scope inputs. Before attenuation, Vin = Voyt = 1.0 V. 
Oref is a transistor of the same type as the transistor under test. 
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2N5841 @ 2N5842 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 


t, TIME (ns) 


ES, BASE-EMITTER VOLTAGE (mVdc) 


FIGURE 2 — CURRENT GAIN BANDWIDTH PRODUCT 
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FIGURE 4 — SWITCHING TIMES 


tg(off) 


tq(on) 


Ic, COLLECTOR CURRENT (mAde) 


FIGURE 6 — BASE-EMITTER VOLTAGE versus CURRENT 
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FIGURE 3 — COLLECTOR-BASE TIME CONSTANT 
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FIGURE 5 — CAPACITANCES 
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FIGURE 7 — COLLECTOR-EMITTER SATURATION VOLTAGE 
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2N5841 @ 2N5842 


VcE = 4.0 Vde, ic = 10 mAdc 


FIGURE 8 — INPUT ADMITTANCE versus FREQUENCY FIGURE 9 — OUTPUT ADMITTANCE versus FREQUENCY 


Yie, INPUT ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) 


FIGURE 10 — FORWARD TRANSFER 
ADMITTANCE versus FREQUENCY 


Yoe, OUTPUT ADMITTANCE (mmhas) 


f, FREQUENCY (MHz) 


FIGURE 11 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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NON-SATURATED SWITCHING APPLICATIONS — 
HIGH-SPEED CLOCK DRIVER 


SCHMITT TRIGGER 


OUTPUT 
e 


All Resistor Values are in Ohms 
All Transistors are 2N5841 
All Diodes are 1N4001 

tr = 1.0 ns 


All Resistor Values are in Ohms 
All Transistors are 2N5841 

Ail Diodes are 1N4001 

ty < 1.0 ns with 50 pF Capacitive Loed 
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2N5841 @ 2N5842 


VcE = 4.0 Vdc, ic = 10 mAdc 


FIGURE 12 — S31, INPUT REFLECTION COEFFICIENT 
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FIGURE 14 — S91, FORWARD TRANSMISSION COEFFICIENT 
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FIGURE 13 — S92, OUTPUT REFLECTION COEFFICIENT 
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FIGURE 15 — S42, REVERSE TRANSMISSION COEFFICIENT 
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2N5841 © 2N5842 


VcE = 4.0 Vdc, Ic = 10 mAdc 


FIGURE 16 — S44, INPUT REFLECTION COEFFICIENT 
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MOTOROLA - ONE943 


Semiconductors 


BOX 20912 . PHOENIX, ARIZONA 85036 


The RF Line 


1.2 GHz — 50 mAdc 


NPN SILICON 
HIGH-FREQUENCY 
TRANSISTOR 


NPN SILICON 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. . . designed specifically for broadband applications requiring low 
cross-modulation distortion and low-noise figure. Characterized for 
~ use in CATV applications. 
@ Low Noise Figure — @ f = 200 MHz 
NF (Narrowband) = 3.4 dB (Typ) 
NF (Broadband) = 6.8 dB (Typ) 
@ High Current-Gain — Bandwidth Product — 
fT? = 1200 MHz (Min) @ Ic = 50 mAdc 


@ Completely Characterized with s and y-Parameters 


*MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C ee 
Derate above 25°C PLANE —~+—-D 


Operating and Storage Junction 
Temperature Range 


“Indicates JEDEC Registered Data. 


FIGURE 1 — NARROW-BAND TEST CIRCUIT 


STYLE 1 
“PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


| MILLIMETERS | | INCHES | 


0.1 uF 0.47 0.001 uF 
T gu T 


= 50 Ohms 
500 
50 Ohms OUTPUT 


(__\ 
INPUT \ 


“N 
Lays 
“ 
“N 
= 
soo LS 


0.47 001 pF L1= 2turns #20 wire 
UH a5 ale 1/4" 1D, 3/16” long 
= L2 = 5 turns #18 wire 
1/4” 10, 5/8” long, 
tapped 1-3/4 turns 
0.001 uF from collector 


All capacitors in pF 
unless otherwise noted. 


All JEDEC dimensions and notes apply. 
CASE 79-02. 
TO-39 
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2N5943 


*ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted) 


Synbot_[_¥in [We [wx [Uni] 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage BVcBoO Vde 

(Ic = 100 wAdc, Ie = 0) 
mitter-Base Breakdown Voltage BVEBO 3.6 | Vde 

(ig = 100 uAdc, Ic = 0) 

Collector Cutoff Current IcEO | uAdc 
(VcgE = 20 Vdc, Ig = 0) 

Collector Cutoff Current ICBO uAdc 
(Vcg = 15 Vdc, Ig = 0) 


ON CHARACTERISTICS 
DC Current Gain 
(1¢ = 50 mAdc, Vceg = 15 Vdc) 


Collector-Emitter Saturation Voltage 
(tc = 100 mAdc, Ig = 10 mAdc) 


Base-E mitter Saturation Voltage 
(1c = 100 mAdc, |p = 10 mAdc) 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product (Figure 2) 
(Ic = 25 mAdc, Veg = 15 Vde, f = 200 MHz) 1000 1350 
(Il¢ = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) , 1200 1550 
(Ic = 100 mAdc, Veg = 15 Vde, f = 200 MHz) 

Collector-Base Capacitance (Figure 5) 
(Veg = 30 Vdc, Ig = 0, f = 100 kHz) 


Emitter-Base Capacitance (Figure 5) 

(Veg = 0.5 Vdc, Ic = 0, f = 100 kHz) 
Smaill-Signal Current Gain 

(1¢ = 50 mAdc, Voge = 15 Vdc, f= 1.0 kHz) 


Collector-Base Time Constant 
(Ig = 50 mAdc, Vcg = 15 Vdc, f = 31.8 MHz) 


Noise Figure 
(I¢ = 30 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 1) 
(tc = 35 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figures 6, 11, 14) (1) 


FUNCTIONAL TEST 
Common-€ mitter Amplifier Power Gain 
(iq = 10 mAdc, Vcg = 15 Vdc, f = 200 MHz) (Figure 1) 
(I = 50 mAdc, Vog = 15 Vdc, f= 250 MHz) (Figure 6) 
intermodulation Distortion (Figure 7) 
(I¢ = 50 mAde, VogE = 15 Vdc, Vout = +50 dBmV) 


Cross Modulation Distortion (Figure 8) 
(ig = 50 mAdc, VcgE = 15 Vdc, Vout = +40 dBmvV) 
(I¢ = 50 mAdc, VcE = 15 Vdc, Vout = +50 dBmvV) 


“indicates JEDEC Registered Data. 
(1) Includes noise figure of post-amplifier and matching pad. 
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2N5943 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 3 —- COLLECTOR-BASE TIME CONSTANT 
2.5 


f7, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 
rh'Ce, COLLECTOR-BASE TIME CONSTANT (ps) - 


ic, COLLECTOR CURRENT (mAdc) Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4 — SATURATION VOLTAGES FIGURE 5 — CAPACITANCES versus REVERSE VOLTAGE 


ee ee eee Gee OR el ae ae 


5.0 ee es ee 
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a : tt ce | <c 50 
< 1.0bY i VBE(sat) ee a ne i S 
S) -—-- ee oA rs 
= Saal = 
a ge me eal < 
2 5 eee 5 30 
3 03 a ane 
S 3 ans tes me 
a = oot Sec 
1 ad 
a 
rtd 
Pt 
0.05 nmmae ae a 1.0 
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Ic, COLLECTOR CURRENT (mAdc) Vp, REVERSE VOLTAGE (VOLTS) 
FIGURE 6 — BROADBAND TEST CIRCUIT 
13 C1 1.0-10 pF | JOHANSON 2951 OR EQUIVALENT 
Rs C2,C7 0.01 uF . 
= C3 -0.5-6.0pF JOHANSON 4642 OR EQUIVALENT 
— C4,C6 1500 pF 
= co} lg OUTPUT C5 470 pF 
INPUT li (fr _. T14 ) {j-~< 11-2 TURNS AWG #26, 5/32" 1.0. 
= : & TUT. 5.5 L2 1uH MOLDED CHOKE 
aN va C6 L3  STURNS AWG #26, 3/32” 1.D. 
Seas == -L4_——- FERRITE CHOKE, 3 TURNS #30 ON 
= C1 L2 R2 STACKPOLE 57-0156 BEAD 
C4 i = L5 = 2 TURNS AWG #26, 3/32” ID. 
. a0 eal T1 AWG #30 TRIFILAR WOUND 1-9-9 ON 
= = 5 STACKPOLE 57-0985, #11 TOROID 
= R1 270 OHMS 
Le R218 OHMS 
phi R3 «150 OHMS 
C2 = 
T G ° GARLOCK TEFLON SOCKET 


= VEE Vcc 
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FIGURE 7 —~ CROSS-MODULATION DISTORTION versus 
COLLECTOR CURRENT 


CROSS-MODULATION DISTORTION (dB) 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 9 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 


NF, NOISE FIGURE (dB) 


ic, COLLECTOR CURRENT (mAdc) 


FIGURE 11 — BROADBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 8 — CROSS-MODULATION 
DISTORTION versus OUTPUT LEVEL 
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FIGURE 10 — NARROWBAND NOISE FIGURE versus 
COLLECTOR CURRENT 
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FIGURE 12 — NARROWBAND NOISE FIGURE versus 
FREQUENCY 
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FIGURE 14 — INPUT ADMITTANCE 
FIGURE 13 — INPUT ADMITTANCE versus FREQUENCY versus COLLECTOR CURRENT 
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FIGURE 20 — OUTPUT ADMITTANCE versus COLLECTOR 
FIGURE 19 — OUTPUT ADMITTANCE versus FREQUENCY CURRENT 


Vce = 15 Vde 
ic = 50 mAdc 


Vce = 15 Vde — 
f = 200 MHz 


Yoe, OUTPUT ADMITTANCE (mmhos) 
Yor, OUTPUT ADMITTANCE (mmhos) 


100 200 300 500 700 1000 


f, FREQUENCY (MHz) Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 21 — INPUT REFLECTION COEFFICIENT versus 


FIGURE 22 — OUTPUT REFLECTION COEFFICIENT versus 
FREQUENCY 
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2N5943 


FIGURE 23 — REVERSE TRANSMISSION FIGURE 24 — FORWARD TRANSMISSION COEFFICIENT 
COEFFICIENT versus FREQUENCY versus FREQUENCY 
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MOTOROLA 2N6304 
Semiconductors 2N6305 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


1.4 GHz @ 10 mAdc — 2N6304 
1.2 GHz @ 10 mAdc — 2N6305 
HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


NPN SILICON 


.. designed for use as low-noise, high-gain, general-purpose amplifiers. 


High Current-Gain — Bandwidth Product — 
fT = 1.4 GHz (Min) @ Ic = 10 mAdc — 2N6304 
= 1.2 GHz (Min) @ Ic = 10 mAdc — 2N6305 
Low Noise Figure — 


NF = 4.5 dB (Max) @ f = 450 MHz — 2N6304 
= 5.5 dB (Max) @ f = 450 MHz — 2N6305 


High Power Gain — 
Gpe = 15 dB (Min) @ f = 450 MHz — 2N6304 
= 12 dB (Min) @ f = 450 MHz — 2N6305 


*MAXIMUM RATINGS 


Collector-Emitter Voitage 
1.0 to 20 mAdc 


Coltector-Base Voltage 


Emitter-Base Voltage 


Collector Current Continuous 


Total Continuous Device Dissipation Pp 
@Ta= 25°C 200 mW 
Derate above 25°C 1.14 mwWw/°c ren 


Storage Temperature Range T stg -65 to +200 =c Ak 


*Indicates JEDEC Registered Data. 


FIGURE 1 - TEST CIRCUIT FOR NOISE FIGURE AND POWER SAIN 


e 
L3 L2 
C2 
° c4 
0.3-5.0 oT = 0.35.0 
i 600 (te ; = STYLE 10 
| V 
o— }- ; A out PIN 1. 
Rs = 502 ee 
i, = 
ut 1 63 
0.38.0 $o2yH 0.8-8.0 


te ok 1.0k 500 

a a 2.7k ch 
500 6.8 k © , 1000 

a 


Capacitance vatues in pF = 
apacitance values in p O Vee =-7.5 Vde ~ 


L1, L2 -- Silver-plated brass rod, 1-1/2” tang and 1/4' dia. Instali (C} Apply Vee. and with signal generator adjusted for 5 mV 


at least 1/2’ from nearest vertical chassis surface. output from amplifier, tune C1, C3, and C4 far 

L3~- 1/2 turn #16 AWG wire, located 1/4” from and maximum output. 
parallel to 2. (DB) tnterchange connections to signal generator and 

* — External interlead shield to isolate collector fead from RF voltmeter. 
emitter and base leads. (E) With sufficient signal applied to output terminals of 
Neutralization Procedure: amplifier, adjust C2 for minimum indication at input. 

(A} Connect 450-MHz signal generator (with Rg =SQ ohms) —(F) Repeat steps (A), (B), and (C) to determine if retuning ALL JEDEC dimensions and notes apply 
to input terminals of amplifier. Is necessary. 

(B) Connect 50-ohm RF voltmeter across output terminals CASE 20-03 
of amplifier. TO-72 
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2N6304 @ 2N6305 


*ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BVCEO — 15 Vde 
(I¢ = 5.0 mAdc, Ip = 0) 
30 Vde 


Coltector-Base Breakdown Voltage 
(lc = 0.1 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(te =0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 5.0 Vdc, Ie =0) 


ON CHARACTERISTICS 


DOC Current Gain 
(Ic = 2.0 mAdc, VcE= 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwiadth Product 2N6304 
(I¢ = 10 mAdc, Vcg - 5.0 Vdc, f - 100 MHz) 2N6305 


Collector-Base Capacitance 
(Vcp = 10 Vdc, Ile =0,f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vde, f = 1.0 kHz) 


Collector-Base Time Constant 2N6304 
(le = 2.0 mAdc, Vcg = 5.0 Vde, f = 31.8 MHz) 2N6305 


Noise Figure 
(I¢ = 2.0 mAdc, VcE = 5.0 Vde, Rg = 50 ohms, 
f = 450 MHz) 2N6304 
(Figure 1) 2N6305 


. FUNCTIONAL TEST 


Common-Emitter Amplifier Power Gain 
(I¢ = 2.0 mAdc, VcE = 5.0 Vdc, f = 450 MHz) 2N6304 
Figure 1) 2N6305 


*Indicates JEDEC Registered Data. 


FIGURE 2 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR BASE VOLTAGE 
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2N6304 @2N6305 


fT, CURRENT GAIN ~ BAND WIDTH 
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FIGURE 5 — REVERSE TRANSFER 
ADMITTANCE versus FREQUENCY 
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FIGURE 7 — OUTPUT ADMITTANCE 
versus FREQUENCY 
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FIGURE 9 — S41, 1NPUT REFLECTION FIGURE 10 — S27, OUTPUT REFLECTION 
COEFFICIENT : COEFFICIENT 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


... designed for use in high-gain, low-noise, small signal, narrow and wideband 
amplifiers. [deal for use in microstrip thin and thick film applications. 


@ Low Noise Figure — 
NF = 2.0 dB (Typ) @ f = 1.0 GHz 
= 2.9 dB (Typ) @ f = 2.0 GHz 


High Power Gain — 
MAG = 17 dB (Typ) @ f = 1.0 GHz 
= 11 dB (Typ) @ f = 2.0 GHz 


jon Implantation and Gold Metallization Construction Techniques 
Metal/Ceramic Hermatic Package 
JAN, JTX, JTXV Available 


*MAXIMUM RATINGS (T, = 25°C Free Air Temperature) 


itter- 3 
Total Device Dissipation @ Tc = 100°C 4 mw 
Derate Above 100°C 4.0 mW/°C 


Ic 
Storage Temperature Range -65 to +200 


*Indicates JEDEC Registered Data 


Specification and Package Options 


Devices using the same die type as the 2N6603: 
MRF901 — 4Lead Plastic Macro-f Case 302-01 
MRF902 — 100 mil Metal/Ceramic Case 303-01 

-MRF904 —TO-72 | 
MMBR9O01 — MiniBloc Plastic (SOT-23) TO-236 


MRFC901 — Unencapsulated Chip 


Complete data sheet in preparation. Contact your 
Motorola representative or Motorola Semiconductor 
Products Inc., Literature Distribution Center, P.O. Box 
20924, Phoenix, AZ 85036. 


2N6603 


NF = 2.0dB @ 1.0 GHz 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


| K [| 4.45 | 5.84 | 0.175 | 0.230 | 


NOTE: © 
1. DIMENSION K APPLIES TO ALL LEADS. 


COLLECTOR 
. EMITTER 
. BASE 
. EMITTER 


CASE 303-01 


MOTOROLA 


Semiconductors 


BOX 209124 PHOENIX, ARIZONA 85036 


2N6604 


The RF Line | 


NF = 2.5 dB @ 1.0 GHz 
HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


. . . designed for use in high-frequency, low-noise, small-signal, narrow and 
wideband amplifiers. Ideal for use in microstrip thin and thick film applications. 


© Low Noise Figure — 
NF = 2.5 dB (Typ) @ f = 1.0 GHz 


High Power Gain — 
MAG = 16 cB (Typ) @ f = 1.0 GHz 


High Current—Specified Performance @ Ic = 30 mA 
lon Implantation and Gold Metallization Construction Techniques 


Metal/Ceramic Hermetic Package 
JAN, JTX, JTXV Available 


*MAXIMUM RATINGS (Ty = 25°C Free Air Temperature) 


Collector-Emitter Voltage VcEO | 15 | de 
Collector-Base Voltage VcRgo 
Emitter-Base Voltage VEBO : 


Total Device Dissipation @ Tc = 75°C 
Derate Above 75°C 


*Indicates JEDEC Registered Data. 


Specifications and Package Options 
Devices using the same die type as the 2N6604: 
MRF911 — 4 Lead Plastic Macro-T Case 302-01 
MRF912 — 100 mil Metal/Ceramic Case 303-01 ; 
IN}. COLLECTOR 
MRF914 — TO-72 . EMITTER 
oe ‘ , , BASE 
MMBRQ30 — MiniBloc Plastic (SOT-23) TO-236 | EMITTER 
BFR91 — 3 Lead Plastic Macro-T Case 302A-01 
BFRCQ1 — Unencapsulated Chip 


Complete data sheet in preparation. Contact your 
Motorola representative or Motorola Semiconductor 
Products Inc., Literature Distribution Center, P.O. Box CASE 303-01 
20924, Phoenix, AZ 85036. 
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\ MOTOROLA 


Semiconductors 


BOX 20912 «6 PHOENIX. ARIZONA 85036 


Advance Information 


fr = 5.0 GHz @ 14mA 


HIGH FREQUENCY 
TRANSISTOR 


The REF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 
NPN SILICON 
... designed primarily for use in high-gain, low-noise, small-signal 
amplifiers. Also used in applications requiring fast switching times. 


® High Current-Gain — Bandwidth Product — 
fT = 5.0 GHz (Typ) @ Ic = 14 mA 
@ Low Noise Figure — 
NF =2.4dB (Typ) @ f = 0.5 GHz 
= 3.0 dB (Typ) @ f = 1.0 GHz 


@ High Power Gain — 
Gmax = 18 dB (Typ) @ f = 0.5 GHz 
= 12 dB (Typ) @ f = 1.0 GHz 


MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage | Vceo | 15 | 
Collector-Base Voltage 
Emitter-Base Voltage | Vepo | 30 | 
Collector Current — Continuous ee a ee mAdc 
Total Device Dissipation @ Ta = 60°C 180 
Storage Temperature Range 


Characteristic Symbol 
Thermal Resistance Junction to Ambient Reja 


Vdc 
Vde 
Vdc 
mw 
26 
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FIGURE 1 — POWER DERATING STYLE 1: 


PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


Pp, DEVICE DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) CASE 302A-01 


This is advance information and specifications are subject to change without notice. 
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BFR90 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


SE ee ce 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage BVcBO 
(Ic = 0.1 mAdc, Ie = 0) 20 


Emitter-Base Breakdown Voltage BVEBO 
 hewesmaicicror | Lao 
Collector Cutoff Current 
(Vcg = 10 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 14 mMAdc, Vcg = 10 Vde) 25 


DYNAMIC CHARACTERTISTICS 
Current-Gain Bandwidth Product 
(Ic = 14 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, Ie = 0, f = 1.0 MH2) 


FUNCTIONAL TESTS 

Noise Figure 
(I¢ = 2.0 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
(ig = 2.0 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 

Power Gain at Optimum Noise Figure ) 
(I¢ = 2.0 mAdc, VcE = 10 Vde, f = 0.5 GHz) 
(ic = 2.0 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 

Maximum Available Power Gain (1) 
(I¢ = 14 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
(Ic = 14 mAdc, Veg = 10 Vdc, f = 1.0 GHz) 


ISo4l2 


UG eee a 
max “(1-184 412) (I-1S 2912) 


FIGURE 2 — POWER GAIN AND NOISE FIGURE 3 — POWER GAIN AND NOISE 
FIGURE versus FREQUENCY FIGURE versus COLLECTOR CURRENT 
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BFR90 


FIGURE 4 — S,_ PARAMETERS 
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MOTOROLA 


Semiconductors BFR91 


BOX 20912. PHOENIX, ARIZONA 85036 


Advance Information 
| fr = 5.0 GHz @ 30 mA 


HIGH FREQUENCY 
TRANSISTOR 


The RF Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


. designed primarily for use in high-gain, low-noise, small-signal 
amplifiers. Also used in applications requiring fast switching times. 


® High Current-Gain — Bandwidth Product — 
ft = 5.0 GHz (Typ) @ ic = 30 MA 


@ Low Noise Figure — 
NF = 1.9dB (Typ) @f = 0.5 GHz 


@ High Power Gain — 
Gmax = 16 dB (Typ) @ f = 0.5 GHz 


MAXIMUM RATINGS 
Rating 


STYLE 1: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 


Pp, DEVICE.DISSIPATION (mW) 


100 150 


CASE 302A-01 
Ta, AMBIENT TEMPERATURE (°C). 


This is advance information and specifications are subject to change without notice. 
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BFR91 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic = Symbol 
OFF CHARACTERISTICS Saree Sa ees hate ste olsk olla oe 
Coilector-Emitter Breakdown Voltage 

(ic = 1.0 mAdc, Ig = 0) | 
Collector-Base Breakdown Voltage 

ig=O.1 made te=O) 
Emitter-Base Breakdown Voltage 

(ig = 0.1 mAdc, ic =O) | 
Collector Cutoff Current 

(Veg = 5.0 Vdc, Ie = 0) 


DYNAMIC CHARACTERTISTICS 
Current-Gain Bandwidth Product 
(Ig = 30 mMAdc, VcE = 5.0 Vdc, f = 0.5 GHz) 
Collector-Base Capacitance 
(Vog = 10 Vde, ig =0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Noise Figure 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc, f = 0.5 GHz) 
(Ic = 2.0 mAdc, Vcg = 5.0 Vde, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 


(i¢ = 2.0 mAdc, VE = 5.0 Vde, f = 0.5 GHz) 

(1¢ = 2.0 mAdc, Vog = 5.0 Vde, f = 1.0 GHz) 
Maximum Available Power Gain (1) 

(Ic = 30 mAdc, VcgE = 5.0 Vdc, f = 0.5 GHz) 

(Ig = 30 mAdc, Vee = 5.0 Vdc, f = 1.0 GHz) 


ISo412 
(1-184 412) (1-IS29/2) 
FIGURE 2 - POWER GAIN AND NOISE FIGURE 3 - POWER GAIN AND NOISE 


FIGURE versus FREQUENCY FIGURE versus COLLECTOR CURRENT 


: a ae : 
3 = : 
z er ee ee z 
é a (ae eee & 
mn < 7 
5 sO = 
= c o S 
; 2 : 
x = 4 = 
& oa = o 
é ne eee: 
0 10 20 » 40 
f, FREQUENCY (GHz) 1c, COLLECTOR CURRENT (mA) 


(AA) MOTOROLA Semiconductor Products Inc. 
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BFRQ91 


FIGURE 4 — S41 PARAMETERS 
[Frequency (MHz) -Ereaveney (Mie) 


VCE 
(Volts) | na 


| Frequency (MHz) 


| Voce 
| (Volts) 


| Frequency (MHz) 


VCE. 
(Volts)| a ig 


MOTOROLA Semiconductor Products Inc. 


16-72 


MOTOROLA 
| Serniconductors 


BOX 20912 » PHOENIX, ARIZONA 85036 


DUAL PNP SILICON ANNULAR* 450-MHz AMPLIFIER 


. « « designed for high-gain, low-noise amplifier, oscillator, and mixer 
applications. 


e Low Noise Figure — NF = 2.6 dB (Typ) @ 450 MHz 
5.0 dB (Typ) @ 1.0 GHz 


e High Power Gain — Gpe = 18 dB (Typ) @ 450 MHz 
13 dB (Typ) @ 1.0 GHz 


e High Gain-Bandwidth Product — fT = 1500 MHz (Typ) 
1e Low Collector-Base Capacitance — Cop = 0.4 pF (Typ) 


MAXIMUM RATINGS (each side) 


Operating and Storage Junction -65 to +200 °¢. 
Temperature Range 


Total Device Dissipation @ Ty = 25°C 
Derate above 25°C 


NF, NOISE FIGURE (dB) 


f, FREQUENCY (GHz) 


* Annular Semiconductors patented by Motorola Inc. 
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MD4957 


MULTIPLE DEVICES 


DUAL PNP SILICON 
AMPLIFIER 


+ SEATING 
PLANE 


STYLE 1: 
PIN 1. COLLECTOR 
2. BASE 
3. EMITTER 
4. OMITTED 


MD4957 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage BVoro . Vdc 
(L, = 1.0 mAdc, I, = 0) 30 
Cc B 
Collector- Base Breakdown Voltage BV oR Vdc 
(L. = 100 pAdc, I, = 0) 30 
Cc E 
Emitter-Base Breakdown Voltage BVe Ro | Vdc 
(I, = 100 uAde, I, = 0) 3.0 
E Cc 
Collector Cutoff Current IaBO pAdc 
(Vop = 20 Vdc, 1, = 0) 0.1 


ON CHARACTERISTICS 


DC Current Gain | 


= 10 Vdc) 


(I, = 2.0 mAdc, Vor 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth, Product 
(Iq = 2.0 mAdc, Vor = 10 Vdc, f = 100 MHz) 


Collector- Base Capacitance 
Von = 10 Vdc, Ip = 0, f = 100 kHz) 


Small-Signal Current Gain 
(I, = 2.0 mAdc, Vor = 10 Vdc, f = 1.0 kHz) 


Collector~-Base Time Constant 
(I, = 2.0 mAdc, Voz = 10 Vdc, f = 63.6 MHz) 


Noise Figure 
= 2.0 mAdc, = cc's Zz igure 
(I, 2.0 mAdc, V,, 10 Vdc, f = 450 MHz) Fi 1 


E 
(I, = 2.0 mAdc, Vag = 10 Vdc, Ry = 50 ohms, f = 1.0 GHz) 


FUNCTIONAL TESTS 


S 


Common-Emitter Amplifier Power Gain 
(Vor = 10 Vdc, Io = 2.0 mAdc, f = 450 MHz) 


Vor = 10 Vdc, I, = 2.0 mAdc, Rg = 50 ohms, f = 1.0 GHz) 


Cc 


FIGURE 1 — NOISE FIGURE AND POWER GAIN TEST CIRCUIT 


us 
< 
° 
= 


Vin "70.4 - 6.0 pF 
Rg = 502 


* Button type capacitors 
** Variable air piston type capacitors 


. L1- silver pfated brass bar, 1.0 

in. Ig by 0.25 in od. 
2. L2- silver plated brass bar, 1.5 
in. tg by 0.25 in od. Tap is 
0.25 in. from collector 

3. L3-% turn of AWG No. 16 wire 
ie in. from and paratlel to 
L2. 

4. The noise source is a hot-cold body 
{All type 70 or equivalent) with a 
test receiver (ALL type 136 or 

_ +12 V = equivalent). 


_ 
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MD4957 


Y,.. INPUT ADMITTANCE (mmhos) 


Yte 


Yee, OUTPUT ADMITTANCE (mmhos) 


RUT 
IN 
th 


Y,-. REVERSE TRANSFER ADMITTANCE (mmhos) 


, FORWARD TRANSFER ADMITTANCE (mmhos) 


COMMON EMITTER Y PARAMETER VARIATIONS 
Y PARAMETERS VS FREQUENCY 
Vee = 10 Vdc 
Ic = 2.0 mA 


e, FORWARD TRANSFER ADMITTANCE (mmhos) 


gage 
al 
iE 
Ey 
a 


eatin 


t 
NCAT 


AL 
Hk 


i 


EERUEEE 


Eee 


f, FREQUENCY (MHz) 
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Ye, INPUT ADMITTANCE (mmhos) 


Yt 


Yoe OUTPUT ADMITTANCE (mmhos) 


Y... REVERSE TRANSFER ADMITTANCE (mmhos) 


0 2.0 40 6 


Y PARAMETERS VS CURRENT 


Vee = 10 Vdc Vee = 15Vde — — — 


f = 450 MHz 
FIGURE 6 — INPUT ADMITTANCE 
16 


oS 
co 
Qo 


I, COLLECTOR CURRENT (mA) 


MD4957 


COMMON BASE Y PARAMETER VARIATIONS 
Y PARAMETERS versus FREQUENCY Y PARAMETERS versus CURRENT 
Ves= 10 Vie Veg= 10 Vde Vog= 15 Vde — — — 
Io = 2.0 mA f = 450 MHz 
FIGURE 10 — INPUT ADMITTANCE - FIGURE 14 — INPUT ADMITTANCE 


Yi, INPUT ADMITTANCE (mmhos) 


Yip. INPUT ADMITTANCE (mmhos) 


Yrp. FORWARD TRANSFER ADMITTANCE (mmhos) 
Yep. FORWARD TRANSFER ADMITTANCE (mmhos) 


Yop, OUTPUT ADMITTANCE (mmhos) 


Yop OUTPUT ADMITTANCE (mmhos) 


Y,,. REVERSE TRANSFER ADMITTANCE (mmbhos) 
Yb. REVERSE TRANSFER ADMITTANCE (mmhos) 


f, FREQUENCY (MHz) . I, COLLECTOR CURRENT (mA) 
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MOTOROLA 


Semiconductors | MM4049 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


4.0 GHz @ 20 mAde 


HIGH FREQUENCY 
TRANSISTOR. 


PNP SILICON 


PNP SILICON HIGH-FREQUENCY TRANSISTOR 


. .. designed for use as a high-frequency current mode switch. Because 
of the extremely high Current-Gain—Bandwidth this transistor also 
makes an excellent RF amplifier and oscillator. 


@ High Current-Gain—Bandwidth Product — 
ft = 4.0 GHz (Min) @ tc = 20 mAdc 


@ Low Collector-Base Capacitance — 
Cob = 1.25 pF (Max) @ Vcp = 5.0 Vde 


MAXIMUM RATINGS 


Total Device Dissipation @ T 4 = 25°C 


Derate above 25°C SEATING 
PLANE 
Operating and Storage Junction 
Temperature Range 
STYLE 10 
PIN1 EMITTER 
2. BASE 
3. COLLECTOR 
4. 


FIGURE 1 — CURRENT-GAIN—BANDWIDTH PRODUCT 


DIM 


MILLIMETERS] INCHES} 
| MAX | 


N 
x 
2 
= 
o 
=) 
a 
Oo 
c 
a. 
x 
| ead 
a 
= 
[=] 
2 
<x 
mn 
2 
o§ 
= 
i 
= 
Ww 
[os 
ce 
> 
QO 
a 
Pa 


ALL JEDEC dimensions and notes apply 


ic, COLLECTOR CURRENT (mAdc) 
CASE 20-03 
TO-72 
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MM4049 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vcp = 10 Vdc, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 20 200 
(Il¢ = 25 mAdc, VcgE = 2.0 Vdc) . 


DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product (Figure 1} 
(1c =20 mAdc, Vcg = 5.0 Vdc, f = 500 MHz) 
Collector-Base Capacitance (Figure 2) 
(Vop = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Emitter-Base Capacitance {Figure 2) 

(Veg = 0.5 Vdc, Ic = O, f = 1.0 MHz) 
Collector-Base Time Constant (Figure 3) 

(1 = 15 mAdc, Vcg = 5.0 Vdc, f = 63.6 MHz) 


FIGURE 2 — CAPACITANCES FIGURE 3 — COLLECTOR-BASE TIME CONSTANT 


ea 
ee 
=a 
ee on 


C, CAPACITANCE (pF) 
o 


th Cc, COLLECTOR-BASE TIME CONSTANT (ps) 


Ra ee eee 


(aay Seee ee 


Pen 
Oo 
an 
— 
P 
qQ 
m 
< 
So 
By 
ee) 
2 


Ic, COLLECTOR CURRENT (mAdc) 


MOTOROLA Semiconductor Products inc. 
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MOTOROLA 


| Semiconductors 


BOX 20912 6 PHOENIX, ARIZONA 85036 


| Advance Information | 
| The RF Line | | 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. .. designed for high-frequency C.A.T.V. amplifier applications. Suit- 
able for use as output driver or pre-driver stages in VHF and UHF 
equipment. 


® High Current-Gain—Bandwidth Product — 
fT = 900 MHz (Min) @ Ic = 50 mAdc (MM8001) 


@ Low Output Capacitance — 
— Cob = 3.5 pF (Max) @ Vcp = 30 Vde 


@ Low Noise Figure — . 
NF = 2.7 dB (Typ) @ Ic = 10 mAdc 


MAXIMUM RATINGS 


a a oe 
Collector-Emitter Voltage 
Collector-Base Voltage | Yop | 40 
Emitter-Base Voltage 

es 

ie 


Collector Current 


Derate above 25°C. 


Total Device Dissipation @T. = 25°C zs 


Operating and Storage Junction T5, T ~65 to +200 eo 
stg 
Temperature Range 


MM8O000 
MMSOO!t1 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 


SEATING 
PLANE —~+—-D 


La MILLIMETERS| INCHES | 


[MAX | MIN | MAX | 
| A | 889 | 9.40 | 0.350! 0.370 | 
8.00 [8.51 | 0.315[ 0.335 | 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


This is advance information and specifications are subject to change without notice. 
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MMs000 e MM8001 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


rosacea ee Te 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(I = 5.0 mAdc, I, = 0) 


Collector-Base Breakdown Voltage 
(I, = 0.1 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage 
qi, = 0.1 mAdc, In = 0) 


Collector Cutoff Current 
Vor = 28 Vdc, I, = 0) 


ON CHARACTERISTICS 


DC Current Gain 
I, = 50 mAdc, VoE = 15 Vdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(I = 25 mAdc, Vor = 15 Vdc, f = 200 MHz) MM8000 
MM8s001 


c= 50 mAdc, Vor = 15 Vdc, f = 200 MHz) MM8000 
MM8001 


= 15 Vdc, f = 200 MHz) MM8000 
MM8001 


(I 


(I, = 100 mAdc, Vor 


Output Capacitance 
Vos = 30 Vdc, I, = 0, f = 1.0 MHz) 
Noise Figure Figure 1 


(IQ = 10 mAdc, Vor = 15 Vdc, f = 200 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Figure 1 


(I, = 10 mAdc, Vor = 15 Vdc, f = 200 MHz) 


FIGURE 1 — 200 MHz TEST CIRCUIT 


Pig. ABs ne?) Pout (2, = 509) 


C1,C2, C3: 1.0 — 30 pF 
: 1.0 - 20 pF 
> 10,000 pF 
: 1000 pF 
: 0.01 uF 


; 4-1/2 turns, No. 22 
AWG wire, 3/16" 1.0. 
‘4: 3-1/2 turns, No. 22 
AWG wire, 3/16” 1.0. 
: 0.82 wH RFC 
: 240 ohms, 2 watts 


(AA) MOTOROLA Semiconductor Products inc. 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The REF Line 


NPN SILICON RF POWER TRANSISTOR 


.. . designed for amplifier, frequency multiplier, or oscillator applica- 
tionsin military and industrial equipment. Suitable for use as output, 
driver, or pre-driver stages in UHF equipment and as a fundamental 
frequency oscillator at 1.68 GHz. 


@ High Output Power — Poyt = 0.9 Watt (Min) @ f = 1.0 GHz 


@ High Current-Gain—Bandwidth Product — 
fy = 1000 MHz {Min) @ Ic = 50 mAdc 


e Ideal for Radiosonde Applications — 
Pout (Oscillator) = 300 mW (Typ) @ f = 1.68 GHz 


MAXIMUM RATINGS 


ating Stor vate 


Collector-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 mw/ec 
Total Device Dissipation @ Tc = 25°C 3.5 Watts 
20 mw /°C 


Derate above 25°C 
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Operating and Storage Junction Ty, Tstg ~65 to +200 26 
Temperature Range ie ; 


MM8009 


0.9W — 1.0 GHz 
RF POWER 


TRANSISTOR 
NPN SILICON 


; 
SEATING 
PLANE — 


STYLE 1 
PIN 1. EMITTER 
2.BASE ¢ 
3. COLLECTOR 


orm METERS INCHES 
| Min [MAX | MIN | 
a | 889 [9.40 | 0.350] 0.370 | 


18 10.009 
0.0161 0.019 |: 
| G | 4.83 [5.33 [ 0.190 0.210 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MM8009 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(1c = 100 pAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(ig = 100 pAde, tc = 0) 


Collector Cutoff Current 
(Voce = 15 Vdc, Ip = 0) 


ON CHARACTERISTICS 


DC Current Gain NFE 20 a 
{ic = 100 mAdc, VcE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(Ic = 50 mAdc, Vcg = 15 Vde, f = 100 MHz) 


Output Capacitance 
(Vcpg = 30 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 
Power Output (Figure 1) 
(Pj, = 316 MW, VcE = 28 Vdc, f = 1.0 GHz) 


| Power Output (Oscillator) (Figure 2) 
(VcE = 20 Vdc, Veg = 1.5 Vdc, f = 1.68 GHz) 
(Minimum Efficiency = 15%) 


Collector Efficiency 
(Pin = 316 MW, VcE = 28 Vde, f = 1.0 GHz) 


. FIGURE 1 — 1.0 GHz POWER AMPLIFIER TEST CIRCUIT FIGURE 2 — 1.68 GHz POWER OSCILLATOR TEST CIRCUIT 
BIAS TRANSISTOR an *Vcc vee =2.0V 
vee MOUNT Board is Glass 
J L112 ~ 0.16"x1.31" (Teflon 


L3 - 0.960.685" ( t = 0.060" 
ER = 2.56 
L4 - AF Choke, 3.6 wHy 
C1. 0.4 pF -- 6.0 pF Johanson 4640 
‘L4 C2 - 1.0 pF . 10 pF Johanson 4355 
C3, C4 - 24 pF Feedthru 
» 2k Ohms Pot (Miniature) 


Pin “ 
(2g = 502) 


ok 
> Board is 


Glass = OUTPUT 
Z1 = 0.280"x1.0" Teflon 
22 = 0.125'"'x1.0" t= 0,060" 
ER = 2.56 
Q: MM8009 
R: 3.9 ohms 


TY, 72: Microlab Bobble Stub Tuner, or Equivalent 
Bias Tee: Microlab O8N, or Equivalent 


(AA) MOTOROLA Semiconductor Products Inc. 
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MM8s009 


FIGURE 3 — POWER OUTPUT versus POWER INPUT - FIGURE 4 — POWER OUTPUT versus FREQUENCY 


ee = 28 Vdc 


ies 28 Vdc 
Pi, = 310 mW 


Pout, POWER OUTPUT (WATTS) 
Pout. POWER OUTPUT (WATTS) 


Iecdneeed 
ais [eee 
Rene haere 
aa eed 
ele 
aa 
Vie ee 
eae 
ace ee 
ee eae 
ae aes 
eae ee 


fel 
ea 
eal 
eae 
ae 
a a 
aie aa 
a 
een 
a a 


Pin, POWER INPUT (WATTS) f, FREQUENCY (GHz) 


FIGURE 5 — POWER OUTPUT versus VOL TAGE FIGURE 6 — OSCILLATOR POWER OUTPUT versus CURRENT 


an a 
F : Faded 
<x 
: « 
i 71 
> : 
: : ZA 
> _) A 
z “Pe 
7 ry Le 
x : a= 
oO fom) 
a." or 

ecdees 

0 5.0 10 . 15 20 25 30 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mAdc) 
FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 8 — OUTPUT CAPACITANCE versus VOLTAGE 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (GHz) 
Cob. QUTPUT CAPACITANCE (pF) 


10 20 30 40 50 60 70 80 90 100 


0 5.0 10 15 25 30 
ic, COLLECTOR CURRENT (mAdc) Veg, COLLECTOR-BASE VOLTAGE (VOLTS) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MOTOROLA 


Semiconductors 


BOX 209124 PHOENIX, ARIZONA 85036 


The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTORS 


. designed primarily for use in high-gain, low-noise amplifier, 
oscillator, and mixer applications. Can also be used in UHF converter 
applications. 


® High Current-Gain — Bandwidth Product — 
fy = 1.2 GHz (Typ) @ Ic = 5.0 mAdc 


@ Low Noise Figure — 
NF = 4.0 dB (Typ) @ f = 200 MHz 


MAXIMUM RATINGS 


ee eee En 
[Collector-Emitter Voltage | Veeco | 5 |e 
[Coltector-Base Voltage —s——s|«“Vcpo | 258 | 95 |e 
EGitom vee 2) eae 

[Cotector Current | tc | Ome 
Pama fe [Tah 

Derate above 25°C . 1.14 mw/°c 

Storoge Temperature Range «| tay | 80-200 |S 
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MRF501 
MRF502 


HIGH FREQUENCY 
TRANSISTORS 


NPN SILICON 


STYLE 10 
PINT. EMITTER 
2. BASE 
3. COLLECTOR 
4. CASE 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
T0-72 


MRF501 e MRF502 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 3.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage MRF501 
(ic = 1.0 wAdc, Ie = 0) MRF502 


Emitter-Base Breakdown Voltage 
(We = 1.0 zAdc, Ic = 0) 


Collector Cutoff Current MRF501 
(Vog = 1.0 Vde, Ie = 0) MRF502 
ON CHARACTERISTICS 
DC Current Gain MRF501 hee 30 250 
(Ic = 1.0 mAdc, Vcg = 6.0 Vdc) MRF502 40 170 
DYNAMIC CHARACTERISTICS 


Current Gain — Bandwdith Product MRF501 
(Ic = 5.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) MRF502 


Collector-Base Capacitance 
(Vcg = 10 Vdc, !¢ = 0, f = 0.1 to 1.0 MHz) 


Coflector-Base Time Constant | 
(Ile = 2.0 mAdc, Vcp = 6.0 Vdc, f = 31.8 MHz) 


Noise Figure. (Figure 1) MRF501 
(1c = 1.5 mAdc, VcgE = 6.0 Vdc, MRF502 
Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 
Common-E mitter Amplifier Power Gain (Figure 1) MRF501 


(Voc = 6.0 Vdc, Ic = 5.0 mAdc, f = 200 MHz) MRF502 


FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


1N3195 
ee a 
1N3195 A. le 
oc —_ 1 3 . 20-19 10502 
COMMON Tizoo C7 pty 
= 10-5. 
FROMS0Q > 20 " | (EXTERNAL Ned 
SOURCE 9.92 yF L1 en SHIELD re 
Cin =e OC Tt OtwF = 7 
= 30-35 2.0 - 10/ 
= = ! RFC 
10k 1 0.001 pF 1.0 uH 
~VEE OO O-~O +VCC 
1200 0.1 nF TT 1200 


L1 13/4 Turns, #18 AWG, 0.5" Long, 0.5" Diameter 
L2 2 Turns, #16 AWG, 0.5" Long, 0.5” Diameter 
L3 2 Turns, #18 AWG, 0.25” Long, 0.5" Diameter, Position Approximately 0.25” from 12 


AA) MOTOROLA Semiconductor Products inc. 


TARE 


MOTOROLA -MRES11 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


The RF Line 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 
NPN SILICON HIGH FREQUENCY TRANSISTOR 


.. . designed specifically for broadband applications requiring low 
distortion characteristics and noise figure. Specified for use in 
CATV applications. 


® Specified +50 dBmV Output, 80 mAdc Distortion Characteristics — 
Triple Beat = -65 dB (Max) 
Cross Modulation = -57 dB (Max) 
Second Order = —50 dB (Max) 


® High Broadband Power Gain — 
Gpe = 10 dB (Min) @ f = 250 MHz 
@ Low Broadband Noise Figure — 
NF = 10 dB (Max) @ f = 200 MHz 


/ 
\ 


Y 


rey 


MAXIMUM RATINGS 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
_ 3. EMITTER 
‘4, COLLECTOR 


— 50 | Watts rd MILLIMETERS| INCHES | 
28.6 mwWw/°C MIN [MAX | MIN | MAX | 

7.06 | 7,26 | 0.278 | 0.286 
5 10 +200 ata Peo 
= Cae ae ee 
PE | 150] - | 0059) - | 
(1) For Repeated Assembly use 5 In. Lb. Te | 5.46 | 5.97 | 0.215| 0.235 | 


| | 0.08 | 0.18 | 0.003 | 0.007 _| 
[LK | 12.45 | — | 0490; - | 
| 45° NOM | 450 NOM | 


|W | 1.40 | 1.65 | 0.055 | 0.065 | 
Lp | | 7 | = _{0.060_| 
LS | 3.00 | 3.25 | 0.118] 0.128 | 
LT | 1.40 | 1.78 | 0.055 | 0.070_| 
.U | 2.92 | 3.68 | 0.115) 0.145 | 
Lv} 10° | 20°} 10° {| 20° 


CASE 1440-06 


16-86 


MRF511 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) , - 


somber [win [Wwe [Mex [Uni 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage 
(t¢ = 100 uAdc, ig = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 100 zAdc, Ic = 0) 
‘Collector Cutoff Current 
(Voce = 15 Vdc, Ig = 0) 
ON CHARACTERISTICS 
OC Current Gain — 
(Ic = 80 mAdc, Voce = 10 Vdc) 
Collector-Emitter Saturation Voltage 
(i¢ = 100 mAdc, Ig = 10 mAdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain—Bandwidth Product 
(I¢ = 80 mAdc, VcE = 20 Vdc, f = 200 MHz) 
Output Capacitance 
(Vp = 20 Vde, Ie = 0, f = 1.0 MHz) 
Noise Figure 
(I¢ = 50 mAdc, VcgE = 20 Vdc, f = 200 MHz) 
FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
F (Vee = 20 Vde, I¢ = 80 mAdc, f = 250 MHz) 
| 2nd Order intermodulation Distortion 


(VcE = 20 Vdc, Ic = 80 mAdc, Vout = +50 dBmV, 

Chn 2 + Chn 13 = 266.5 MHz) 
Cross-Modulation Distortion 

(VcE = 20 Vde, Vout = +50 dBmV, Ic = 80 mAdc) ~=Chn 13 

Chn R 

Triple Beat 

(Vcg = 20 Vde, Ic = 80 mAdc, Vout = +50 dBmV, 

Chn 2 + Chn 3 + Chn E = 261.75 MHz) 


—_ RF Output 
ww, P 


CIRCUIT PERFORMANCE 
[Min | Typ 


Input/Output Return Loss 
F latness 
Gain 


Bandwidth 40-300 MHz 


€1,C3,C4,C5,C6 0.002 uF Ceramic Disc R1 4.7 «2, 1/4W, 10% 
C2 0.38-3.5 pF JOHANSON 4702 R2 27 £2, 1W, 10% 
u1 2 Turns, #20 AWG, 1/8” 1.D., 0.2 Long. R3 27 $2, 1W, 10% 
2 6 wH, Ferrite Choke, MILLER Ra 300 82, 1/4W, 10%. 
L3 18 Turns, #24 AWG Enamelled, on Ferrite Torrid Cora Input/Output Connectors — Type F 
FERROXCUBE 1041TO60-4C7 Zo — 75 Ohms 
L4 5 Turns, #20 AWG, 3/16” 1.0., 0.35" Long 
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FIGURE 3 ~ OUTPUT CAPACITANCE 


FIGURE 2 — CURRENT-GAIN-—BANDWIDTH PRODUCT 


o° [=] 
oS 


20 24 


16 


Vcp, COLLECTOR-BASE VOLTAGE (VOLTS) 


12 


8.0 


4.0 


IVT 
BURY ARRERERREED 
TTT 
IEEE 
UA 
ie iIN UT 
FHELNIU 
HOST. 


© 


N 
(ZH) ionaaud HLgIMaNvE- NIVO-LNAMYND “Ly 


80 100 120 
mth COLLECTOR CURRENT fae 


60 


= 20 Vdc 


VCE 


FIGURE 5 — BROADBAND NOISE FIGURE 


FIGURE 4 — INPUT CAPACITANCE 


25 


(@P) 3YNDIS ISION ‘AN 


[=] wo oe fo] 
NN _ ~ in 


(49) JONVLIQWdV9 LOAN ‘49 


5.0 


2.0 


1.0 


Ic, COLLECTOR ace ae 


Vep, EMITTER-BASE VOLTAGE (VOLTS) 


au 
2 
uw 
eal 
a 
2 
O 
x 
2) 
Ee 
a || 
ul 
a 
=) 
2) 
ie 
w 
3 
wa 
he 
o 
peli 


2 
° 
- 
q{ 
) 
2 
(a) 
jo) 
= 
“” 
WY) 
Oo 
a 
O 
| 
ud 
Zz 
Z 
ft 
<= 
Oo 
N 
~ 
i 
la 
wd 
c 
2 
Q 
pee 


FIGURE 6 — 12 CHANNEL CROSS-MODULATION 
versus COLLECTOR-EMITTER VOLTAGE 
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- FIGURE 8 — 30 CHANNEL CROSS-MODULATION FIGURE 9 — 30 CHANNEL CROSS-MODULATION 
ON CHANNEL R ON CHANNEL 2,13,R 
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FIGURE 10 — 30-CHANNEL CROSS-MODULATION versus 
COLLECTOR-EMITTER VOLTAGE 


i¢ = 80 mAdc 
Eq = +50 dBmvV 


XMD, CROSS MODULATION ON CHANNEL R (-dB) 
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FIGURE 12 — TRIPLE BEAT versus 
FIGURE 11 — TRIPLE BEAT versus COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 
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IMD, SECOND ORDER INTERMODULATION 
DISTORTION AT 266.5 MHz {-dB) 


FIGURE 13 — SECOND ORDER IMD versus COLLECTOR FIGURE 14 — SECOND ORDER IMD versus COLLECTOR. 
CURRENT EMITTER VOLTAGE 
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FIGURE 15 — INPUT REFLECTION COEFFICIENT (S11) AND OUTPUT 
REFLECTION COEFFICIENT (S22) versus FREQUENCY 
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FIGURE 16 — FORWARD TRANSMISSION FIGURE 17 — REVERSE TRANSMISSION 


COEFFICIENT (S21) versus FREQUENCY COEFFICIENT ($12) versus FREQUENCY 
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MOTOROLA 


Semiconductors MRF517 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The RF Line 


HIGH FREQUENCY 


NPN SILICON HIGH FREQUENCY TRANSISTOR TRANSISTOR 


NPN SILICON 


.. . designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use in CATV distribution 
equipment. 
@ Specified +45 dBmV Output, 60 mA Distortion Characteristics — 
Triple Beat = -72 dB (Max) 
12 Channel Cross Modulation = -57 dB (Max) 
Second Order = -60 dB (Max) 
@ Broadband Power Gain — 
Gpe = 10 cB (Typ) 
@ Broadband Noise Figure — 
NF = 7.5 dB (Max) @ f = 300 MHz 


MAXIMUM RATINGS 


f Rating’ LT Symbot | Value | Unit 


Collector-Emitter Voltage VcER Vde 
5 


(Ree = 330 2) 


Collector-Base Voltage VcBO Vde 


Total Power Dissipation @ Tc = 50°C 2.5 Watts 
Derate above 50°C 0.02 w/°c 


Operating Junction Temperature 


SEATING 
PLANE —~+-D 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | 


Thermal Resistance, Junction to Case © 


STYLE 1 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


Pp MAX, MAXIMUM POWER DISSIPATION (WATTS) | 


MRF517 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
PF Characteristic Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, Ree = 330 Ohms) 


Collector-Base Breakdown Voitage 


(I¢ = 100 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage 

(Ie = 100 wAdc, !¢ = 0) 
Collector Cutoff Current 

(Vcge = 15 Vde, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain hee — 150 
(ic = 60 mAdc, Veg = 10 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ii¢ = 60 mAdc, VcgE = 15 Vde, f = 200 MHz) 
Output Capacitance 
(Vcg = 15 Vdc, te = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Common-Emitter Amplifier Power Gain 
(Vce = 15 Vdc, Ic = 60 mAdc, f = 300 MHz) 
Broadband Noise Figure 
(VcE = 15 Vde, Ic = 50 mAdc, f = 300 MHz) 
2nd Order Distortion 
(Vcg = 15 Vdc, Ic = 60 mMAdc, Egut = +45 dBmvV, 
Ch 2+ Ch G = 212.5 MHz) 
NCTA Cross Modulation Distortion, 12 Ch’s (2-13) 
—~ - (VcE = 15 Vdc, Ic = 60 mAdc, Eguy = +45 dBmvV, 


Measured at Ch’s 2 and 13) 


Triple Beat Distortion, 3 Ch’s 
(VcE = 15 Vdc, lc = 60 mAdc, Eout = +45 dBmV, 
Ch’s (4+ 5+ A) = 265 MHz) 


71 —_ RF Output 
| | / 
u1 ({\ C7 
RF Input = © ) 
c2 LS 
R1 ee | 
C40 
? oan 
C1 — 
+Veap L4 
R2 R3 +15 
c3 Vde 
cs 
C1 1.0 — 10 pF JOHANSON L4 VK200 
C2,C6,C7 0.002 uF Ceramic Disk T1 16:1 Bifilar Wound, #20 AWG Enameled Wire, 
C3,C5 0.1 uF, 50 Vde Tantalum Wound on a FERROXCUBE 1041T060-4C4 Core 

c4 1000 pF Button R1 4.7k2, 1/4 Watt, 10% 
L1 . 1 Turn, #20 AWG R2,R3 2791 , 1/4 Watt, 5% 
L2 5.6 HH Molded Choke R4 27022, 1/4 Watt, 5% 
L3 4 Turns, #20 AWG, 1/4" 1.D. 


Input/Output Connectors — Type F 
Zo = 75 Ohms 
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MRF517 


FIGURE 4 — COMMON-EMITTER POWER GAIN 


versus FREQUENCY 


FIGURE 3 — TYPICAL RESPONSE CURVE 
(See Figure 2) 
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FIGURE 6 — INPUT CAPACITANCE versus 


FIGURE 5 — CURRENT GAIN BANDWIDTH PRODUCT 
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FIGURE 8 — BROADBAND NOISE FIGURE versus 


FIGURE 7? — OUTPUT CAPACITANCE versus 


COLLECTOR CURRENT 
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FIGURE 9 — 2nd ORDER DISTORTION (f4 + f2) versus 


FIGURE 10 — 12-CHANNEL CROSS MODULATION 
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FIGURE 12 — TRIPLE BEAT DISTORTION (f, + fo + f3) versus 


COLLECTOR CURRENT 


FIGURE 11 ~— DIN 45004 CROSS-MODULATION DISTORTION 
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FIGURE 13 — HARMONIC DISTORTION (2f, 3f) versus 


COLLECTOR CURRENT 
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MOTOROLA 


Semiconductors 


BOX 20912 6. PHOENIX, ARIZONA 85036 


The RF Line | 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


designed for high voltage and high current fy switching 
applications. These devices are also ideal for CRT drivers. 


@ High Collector-Emitter Breakdown Voltage — 
BVCEQ = 100 Vdc (Min) @ Ic = 10 mAdc 


® High Current-Gain — Bandwidth Product — 
fT = 800 MHz (Typ) @ Ic = 50 mAdc 


@® Characterized with Safe Operating Area (SOA) Curves 


MAXIMUM RATINGS 


Collector-E mitter Voltage 


Collector-Base Voltage VcBO | 100 | Vdc 
Emitter-Base Voltage VEBO Vdc 


Total Device Dissipation @ Tc = 25°C 25 Watts 
Derate above 25°C 40 mw /Oc 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


OFF CHARACTERISTICS 


Collector-E mitter Breakdown Voltage 100 Vde 


ai 
Sigcormarceo Pep 
(I¢ = 0.1 mAdc, tg = 0) 
“Emitter-Base Breakdown Voltage reso] 35 | = | | vee 
(Ile = 0.1 mAdc, Ic = O) 
Collector Cutoff Current pies |] | Pp 


BVCEO 


(VcE = 75 Vdc, Veg = O) 


ON CHARACTERISTICS 
DC Current Gain 
(1c = 5.0 mAdc, VceE = 10 Vdc) 


‘Collector-Emitter Saturation Voltage 
| (i¢ = 10 mAdc, |g = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 10 Vdc, ig = 0, f = 1.0 MHz) 
| input Capacitance 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Veg = 25 Vde, f = 100 MHz) 


(Vpe = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 


MRF531 


HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 


PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


All JEDEC dimensions and notes apply. 


CASE 79-02 
TO-39 


MRF531 


FIGURE 2 — INPUT CAPACITANCE 


FIGURE 1 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 4 — DC SAFE OPERATING AREA 


FIGURE 3 — OUTPUT CAPACITANCE 
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MOTOROLA 


Semiconductors MRF 901 


BOX 20912 6 PHOENIX, ARIZONA 85036 


The REF Line 
2.5 dB @ 1.0 GHz 


HIGH FREQUENCY 
TRANSISTOR. 


NPN SILICON | 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


.. . designed primarily for use in high-gain, low-noise small-signal 
amplifiers. Also usable in applications requiring fast switching times. 


High Current-Gain-Bandwidth Product — 
fT = 4.5 GHz (Typ) @ Ic = 15 mAdc 


Low Noise Figure @ f = 1.0 GHz — 
NF = 2.0 dB (Typ) and 2.5 dB (Max) 


High Power Gain — 
Gpe = 10 dB (Min) @ f = 1.0 GHz 


Third Order Intercept = +23 dBm (Typ) 


MAXIMUM RATINGS 


Collector — Emitter Voltage VCEO a ae 


Vde 


COLLECTOR 
EMITTER 
BASE 
EMITTER 


Collector Current — Continuous 


Total Device Dissipation 0.375 Watt 
@Tc = 25°C 
Derate Above 25°C ~mw/°C 
THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient Raja | 300 ~Ss«| cw 


CASE 302-01 


Aare nn 


MRF901 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


symbol | Min [Tye [Max =| Un 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(ig = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwith Product 
(Ic = 15 mAdc, Veg = 10 Vde, f = 1.0 GHz) 
ICollector-Base Capacitance 


(Veg = 10 Vdc, ig = 0, f = 1.0 MHz) 


[Noise Figure 
(Ic = 5.0 mAdc, Veg = 6.0 Vde, f = 1.0 GHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 6.0 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 


hird Order Intercept 
(Ic = 5.0 mAdc, Vce = 6.0 Vde, f = 0.9 GHz) 


FIGURE 1 ~— 1.0 GHz TEST CIRCUIT SCHEMATIC 


Vcc = 6.0 Vde 


RF Output 
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MRF901 


ff, CURRENT-GAIN — BANDWIDTH PRODUCT (GHz) 


NF, NOISE FIGURE (dB) 


G max (dB) 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 
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FIGURE 4 — NOISE FIGURE versus COLLECTOR CURRENT 
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Vcc = 6.0 Volts 
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FIGURE 6 — Gygax versus FREQUENCY 
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FIGURE 3 — NOISE FIGURE versus FREQUENCY 
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FIGURE 5 — OUTPUT POWER versus INPUT POWER 
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FIGURE 7 — COLLECTOR-BASE CAPACITANCE 
versus COLLECTOR-BASE VOLTAGE 
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MRF901 


TABLE I — S44 


FREQUENCY wa] 00 ~SC~dSCSC“‘“‘( KOC 
1$411 Lo 1$471 Lo 
.83 -54 


.65 


TABLE It — S24 


FREQUENCY (MHz) 


10 Volts 
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MRF901 


TABLE II! — S49 


+e 


| FREQUENCY (MHz) = -200—S—=*?/” FREQUENCY (MHz) | 
Lo 


[vec [| 'c |'Sii | iSt2 
.15 ~ 15 +13 13 +21 
.12 .13 +32 .14 +40 
13 +48 .16 +51 
“13 +57 17 +57 
-13 +60 18 +60 


.14 .18 


TABLE IV — Soo 


10 Volts 
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MOTOROLA MRF902 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


| Advance Information | 
| The RF Line | NF = 2.0dB @ 1.0 GHz 


HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON HIGH FREQUENCY TRANSISTOR NPN SILICON 


. . designed for use in high-gain, low-noise, small signal, tuned 
and wideband amplifiers. Ideal for use in microstrip thin and thick’ 
film applications. 


@ Low Noise Figure — 
NF = 2.0 dB (Typ) @f = 1.0 GHz 
= 3.3 dB (Typ) @f = 2.0 GHz 
@ High Power Gain — 
Gmax = 16 dB (Typ) @f = 1.0 GHz 
= 10 dB (Typ) @f = 2.0 GHz . 


MAXIMUM RATINGS 
Po Rating 
Collector-Base Voltage 
Collector Current — Peak 
Total Device Dissipation @ Tc = 100°C 


Characteristic 


Thermal Resistance, Junction to Case 


. COLLECTOR 
_ EMITTER 

. BASE 

_ EMITTER 


Pp, POWER DISSIPATION (mW) 


CASE 303-01 
100 


Tc, CASE TEMPERATURE (°C) 


This is advance information and specifications are subject to change without notice. 
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MRF902 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted). 


Symbot_[_Min_[ Tye | Max [Unt _] 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO 
(I¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage BVcBoO 
(Ic = 0.1 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage BVEBO 
(Ie = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 15 Vde, le = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 5.0 mAdc, VcgE = 10 Vde) 
DYNAMIC CHARACTERISTICS 
Current-Gain Bandwidth Product 
(Ic = 15 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 
Collector-Base Capacitance 
(Vcp = 10 Vdc, I¢ = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Noise Figure 
(Ic = 5.0 mAdc, Veg = 10 Vdc, f = 1.0 GHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 2.0 GHz) 
Power Gain at Optimum Noise Figure 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(Ic = 5.0 mAdc, VcgE = 10 Vdc, f = 2.0 GHz) 
Maximum Available Power Gain (1) 
(Ic = 15 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(Ic = 15 mAdc, Vee = 10 Vdc, f = 2.0 GHz) 


(1) Gay = S211? 
max (1-184 412) (1-18 9912) 
FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus FREQUENCY . versus COLLECTOR CURRENT 
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FIGURE 4 — Sq4 PARAMETERS 
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MOTOROLA 


BOX 20912. PHOENIX, ARIZONA 85036 


Semiconductors | MRF 904 


| The RF Line 


HIGH FREQUENCY 
NPN SILICON HIGH-FREQUENCY TRANSISTORS TRANSISTORS 


NPN SILICON 


... designed for use as low-noise, high-gain, general purpose amplifiers. 


High Current-Gain — Bandwidth Product — 

fr = 4.0 GHz (Typ) @ Ic = 15 mAdc 
Low Noise Figure — 

NF = 1.5 dB (Typ) @ f = 450 MHz 

= 2.5 dB (Typ) @f = 1.0GHz 

High Power Gain — 

Gmax = 16 dB (Typ) @ f = 450 MHz 

= 10 dB (Typ) @ f = 1.0 GHz 

Excellent Third Order Intercept — +25 dBm (Typ) 


SEATING 
PLANE 


STYLE 10 
PINT. EMITTER 
2. BASE 
3. COLLECTOR 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


16-107 


MRF904 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
Pe eee) eee ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVcEO Vde 
(I¢ =.1.0 mAdc, |p = 0) 

Collector-Base Breakdown Voltage BVcBO 25 Vde 
(1c = 0.1 mAdc, Ig = 0) 


Emitter-Base Breakdown Voltage BVEBO Vde 
(Ile = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 


(Vog = 15 Vde, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 200 
(ic = 5.0 mAdc, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(tc = 15 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
Collector-Base Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 
Noise Figure 
(Ic = 5.0 mAdc, Vcg = 6.0 Vde, f = 450 MHz) 
(Ic = 5.0 mAdc, Vc_E = 6.0 Vde, f = 1.0 GHz) 


FUNCTIONAL TEST 


Unilateralized Gain (1) 


(Ic = 5.0 mAdc, VcE = 6.0 Vde, f = 450 MHz) 
(1c = 5.0 mAdc, VcE = 6.0 Vdc, f = 1.0 GHz) 


1So412 


pees oe ee 
mer’ (4, 184412) (1-199?) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MRF904 


FIGURE 1 — NOISE FIGURE versus FREQUENCY 


NF, NOISE FIGURE (dB) 


f, FREQUENCY, (GHz) 


FIGURE 3 — COLLECTOR-BASE CAPACITANCE versus 
COLLECTOR-BASE VOLTAGE 


Cch, COLLECTOR-BASE CAPACITANCE (pF) 


0 20 4. 6.0 868.0 10 12 14 16 18 20 
Vcpg, COLLECTOR-BASE VOLTAGE (VOLTS) 


FIGURE 5 — CURRENT-GAIN — BANOWIOTH PRODUCT versus 
COLLECTOR CURRENT 
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ic, COLLECTOR CURRENT (mA) 


. fy, CURRENT-GAIN — BANDWIDTH PRODUCT (GHz) 
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F 


Gmax, UNILATERALIZED GAIN (dB) NE NOISE FIGURE (GB) 


DIM, INTERMOQDULATION DISTORTION (dB) 
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IGURE 2 — NOISE FIGURE versus COLLECTOR CURRENT 


10 
Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 4 — UNILATERALIZED GAIN (Gygax) versus 


FREQUENCY 
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FIGURE 6 — iINTERMODULATION DISTORTION versus 
COLLECTOR CURRENT 
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TABLE 1 — Sq PARAMETERS 


Misia uaa 


Frequency (MHz) 


Vcc 
(Volts) 


(AA) MOTOROLA Semiconductor Products Inc. 
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MRF904 


Frequency (MHz) 


TABLE 3 — S12 PARAMETERS 


Vcc 
| (Volts) 
1.0 


2.5 
5.0 
10 
15 


Frequency (MHz) 


Vcc 
(Volts) 
1.0 
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MOTOROLA 


Semiconductors MRF905 


BOX 20912. PHOENIX, ARIZONA 85036 


The REF Line 


400 mW 
RF OSCILLATOR TRANSISTOR 
NPN SILICON 


NPN SILICON OSCILLATOR TRANSISTOR 


... designed for microwave communications relay links and low-cost 
radiosonde service. 


@ Emitter Ballasted 
@ Low Current Density for Improved Lifetime 
® Collector Connected to Case’ 


SEATING 
PLANE 


MAXIMUM RATINGS 
pC Rating | Symbot | Vatue | 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. COLLECTOR 


Collector-Emitter Voltage VcEO | 20 
Collector-Base Voltage VcBO 


20 
35 
Total Power Dissipation @ Tc = 100°C 
Derate above 25°C 40 
Storage Temperature Range Tota 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Emitter-Base Voltage VEBO eae 


| 45° BSC 
TN | 1.27 BSC 0.050 BSC 
2 ee 


All JEDEC dimensions and notes apply 


CASE 26-03 
TO-46 
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MRF905 


ELECTRICAL CHARACTERISTICS (To = 25°C unless otherwise noted). 


| Symbol | Min [tye [Max | Unit _| 


Characteristic 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage | 
(Ig = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdc, Ig = O) 
Emitter-Base Breakdown Voltage 
(ie = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcg = 20 Vdc, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE | 
(1¢ = 100 mAdc, Vcg = 10 Vdc) | 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 100 mAdc, Veg = 10 Vdc, f = 200 MHz) 


Output Capacitance 
: (Vcg = 20 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TEST : 


Common-Collector Oscillator Output Power 
(Ve = -20 Vdc, l_ = 110 mAdc, f = 1.68 GHz) 


1.0 uF, 35 Vdc TANTALUM 47 Ohms, 1/4 Watt 

0.1 WF Ceramic Disk 510 Ohms, 1/4 Watt 

680 pF Feedthru 1.5k&, 1/4 Watt 

0.4-6.0 pF JOHANSON 5 Turns, #22 AWG, 0.125” 1.D. 
#20 AWG, 0.4" Length. 


(AA) MOTOROLA Semiconductor Products Inc. 
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BOX 20912 PHOENIX, ARIZONA 85036 


MRF911 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


; . designed primarily for use in high-gain, low-noise tuned and 
wideband small-signal amplifiers. Excellent in high-speed switch- 
ing applications. 
® High Current-Gain — Bandwidth Product — | 

fy = 5.0 GHz (Typ) @ f = 1.0 GHz 
® High Power Gain — 
Gmax = 12.5 dB (Typ) @ f = 1.0 GHz 


at 


MAXIMUM RATINGS 


Colfector-Emitter Voltage ic 
Collector-Base Voltage Vde 
Emitter-Base Voltage | Vepo | 3.0 | Vde 
Collector Current — Peak fig 40 me 
Total Device Dissipation @ Ty = 50°C ee 400 mw 
Derate Above 50°C 4.0 mWw/°C 
“65 10 +150 
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FIGURE 1 — POWER DERATING 


Pp, POWER DISSIPATION (mW) 


RERRER AEE 
¢ 


Co 
CPE 
te7 cnn 


Tc, LEAD TEMPERATURE (°C) 
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fy = 5.0 GHz @ 30 mA 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


. COLLECTOR 
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CASE 302-01 


MRF911 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage 
(I¢ = 0.1 mAdge, IE = 0) 


Collector Cutoff Current 
(Vcop = 15 Vde, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 30 mAdc, V 


= 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = 30 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 
(Vcg = 10 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Noise Figure 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(I¢ = 5.0 mAdc, VcgE = 10 Vde, f = 2.0 GHz) 
Power Gain at Optimum Noise Figure 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(Ic: = 5.0 mAdc, VcE = 10 Vdc, f = 2.0 GHz) 
Maximum Available Power Gain (1) 
(l¢ = 30 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(I¢ = 30 mAdc, VcE = 10 Vdc, f = 2.0 GHz) 


1894 \2 


. Sie te eM take 
(1) Gmax ((1-1S4 412) (1-1S 2914) 


FIGURE 2 — POWER GAIN AND NOISE FIGURE 


versus FREQUENCY 


Gmax, POWER GAIN (dB) 


t, FREQUENCY (GHz) 
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FIGURE 3 — POWER GAIN AND NOISE FIGURE 
versus COLLECTOR CURRENT 
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| Symbol | min | tye | Max | Unit _ 


al ee A hk 
Emitter-Base Breakdown Voltage BVEBO 
(Ile = 0.1 mAdc, Ic = 0) 


(a?) FUNDS SION ‘AN 


MRF911 


FIGURE 4 — S44 PARAMETERS 
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MOTOROLA MRF91? 


Semiconductors 


BOX 20912 «6 PHOENIX, ARIZONA 85036 


| 


Advance Information 


3 NF= 2.5 dB @ 1.0GH 
The RF Line . 
HIGH FREQUENCY 
TRANSISTOR 
NPN SILICON 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


.. . designed for use in high-gain, low-noise small-signal tuned and 
wideband amplifiers. ideal for use in microstrip thin and thick 
film applications. 


© Low Noise Figure — 
NF = 2.5 db (Typ) @ f = 1.0 GHz 
4.0 dB (Typ) @ f = 2.0 GHz 
@ High Power Gain — 
Gmax = 16.5 dB (Typ) @ f = 1.0 GHz 
11 dB (Typ) @ f = 2.0 GHz 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Cotlector-Base Voltage | VcBo Vde 
Emitter Base Voltage VEBO 


Total Device Dissipation @ Tc = 75°C 
Derate Above 75°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 
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CASE 303-01 


Tc. CASE TEMPERATURE (°C) 
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MRF912 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 


po Chharactoristic Symon | tye [Max [unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage _- 
(Ic = 0.1 mAdc, Ie = 0) 


| Emitter-Base Breakdown Voltage 
(Ie = 0.1 mAdc, Ic = 0) 
Collector Cutoff Current 
(Vcp = 15 Vde, Ie = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 30 200 
(tc = 30 mAdc, VcgE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 
Current-Gain Bandwidth Product 
(I¢ = 30 mAdc, Vcg = 10 Vide, f = 1.0 GHz) 
Collector-Base Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Noise Figure 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
(I¢ = 5.0 mAdc, VcE = 10 Vde, f = 2.0 GHz) 
| Power Gain at Optimum Noise Figure 
(Ic = 5.0 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 
(Ic = 5.0 mAdc, V = 10 Vdc, f = 2.0 GHz) 
Maximum Available Power Gain (1) . 
(I¢ = 30 mAdc, VcgE = 10 Vdc, f = 1.0 GHz) 
(Ic = 30 mAdc, Veg = 10 Vdc, f = 2.0 GHz) 


(1) Gmnax = Sail? 
max “(1-184 412) (1-1S29!2) 
FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 


versus FREQUENCY. versus COLLECTOR CURRENT 
20 
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MRF912 


FIGURE 4 — S4_q PARAMETERS 
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MRF912 


FIGURE 6 — Soy PARAMETERS 
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MOTOROLA 


Semiconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


Advance Information | 


The RF' Line 


NPN SILICON HIGH FREQUENCY TRANSISTOR 


. . designed for applications requiring high-gain, low-noise and 
low distortion. Also excellent for high speed switching applications. 


@ Low Noise Figure — 
NF = 2.0 dB (Typ) @ f = 0.5 GHz 
= 2.5 dB (Typ) @ f = 1.0 GHz 
® High Power Gain — 
Gmax = 15dB (Typ) @ f = 0.5 GHz 
= 10 dB (Typ) @ f = 1.0 GHz 


MAXIMUM RATINGS 


PS Ratting’ SL Symbot_ | Vatue | Unit_ 
Collector-Emitter Voltage VcEO co 


| THERMAL CHARACTERISTICS __ 


[___—~CGharacteritic = ~Symbol_[ Max | 
Thermal Resistance, Junction to Ambient Rea c/w 


FIGURE 1 — POWER DERATING 


Pp, POWER DISSIPATION (mW) 


150 
Ta, AMBIENT TEMPERATURE (°C) 


Vde 
Vae 
[Collector Current Peak ———S~dCSCs «SCT «YC 
Total Device Dissipation @ T a = 75°C oe ee mw 
Derate Above 75°C 1.6 mw/Pc | 


MRF914 


fr = 4.5 GHz @ 20 mA 


HIGH FREQUENCY 
TRANSISTOR 


NPN SILICON 


SEATING 
PLANE 


STYLE 10 
PIN). EMITTER Ji. 5 
2. BASE 
3. COLLECTOR 
4. 3 


ALL JEDEC dimensions and notes apply 


CASE 20-03 
TO-72 


This is advance information and specifications are subject to change without notice. 
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MRF914 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted). 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage Pi oe ae oe ae 
(I¢ = 1.0 mAdc, Ig = 0) 
ie ee 
| (Ic = 0.1 mAdc, IE = 0) 
| (ig =0.1 mAdc, Ic = 0) 
(Vog = 15 Vdc, te = 0) 
CHARACTERISTICS _ | | 
DC Current Gain 
(Ic = 20 mAdc, Vcg = 10 Vdc) 
DYNAMIC CHARACTERISTICS 
Current-Gain Bandwidth Product 
(ic = 20 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
: Collector-Base Capacitance : 
(Vopg = 10 Vdc, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
| Noise Figure 
(I¢ = 5.0 mAdc, Veg = 10 Vdc, f = 0.5 GHz) 
(tc = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 GHz) 
Power Gain at Optimum Noise Figure 
(ic = 5.0 mAdc, VE = 10 Vdc, f = 0.5 GHz} 
{ic = 5.0 mAdc, Voce = 10 Vde, f = 1.0 GHz) 
[ Maximum Available Power Gain (1) 
| (Ic = 20 mAdc, VcgE = 10 Vdc, f = 0.5 GHz) 
(Ig = 20 mAdc, VcE = 10 Vdc, f = 1.0 GHz) 


S24 \2 


NG tnt 
(1) Gmax (1-1S4 412) (I-IS 9912) 
FIGURE 2 — POWER GAIN AND NOISE FIGURE FIGURE 3 — POWER GAIN AND NOISE FIGURE 


versus FREQUENCY versus COLLECTOR CURRENT 
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FIGURE 4 — S414 PARAMETERS 
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MOTOROLA 


Serniconductors 


BOX 20912. PHOENIX, ARIZONA 85036 


Advance Information 


The RF Line 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


. . . designed primarily for use in low-power amplifiers to 1.0 GHz. 
ideal for pagers and other battery operated systems where low power 
consumption is critical. 


@ Low Power Consumption Characterized for 
le = 0.1 to 1.0mA 


@® High Current-Gain — Bandwidth Product — 
f> = 3.0 GHz (Typ) 


@ Stripline Design for Optimum Performance 


MAXIMUM RATINGS 


Total Device Dissipation @ Tp = 100°C 
Derate Above 100°C 


Storage Temperature Range -65 to +150 


THERMAL CHARACTERISTICS 
Characteristic 


Pp, TOTAL DEVICE DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


MRF931 


LOW CURRENT 


HIGH FREQUENCY 


TRANSISTOR 


NPN SILICON 


STYLE 1: 
PIN). COLLECTOR 
2. EMITTER 

3. BASE 
4. EMITTER 


CASE 302-01 


This is advance information and specifications are subject to change without notice. 
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MRF931 


ELECTRICAL CHARACTERISTICS (Tc = 25°C ‘unless otherwise noted). 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ig = 0.1 mAdc, Ig = 0) 
| Collector-Base Breakdown Voltage 


(I¢ = 0.01 mAdc, ig = 0) 


Emitter-Base Breakdown Voltage > 
| (le = 0.1 mAdc, Ic = 0) 


_ | Collector Cutoff Current 
(Vep = 5.0 Vdc, ig = 0) 


ON CHARACTERISTICS 


DC Current Gain. 
(I¢ = 0.25 mAdc, VcgE = 1.0 Vde) 


DYNAMIC CHARACTERISTICS 


| | Current-Gain Bandwidth Product 
(1¢ = 1.0 mAdc, Vc_E = 1.0 Vdc, f = 1.0 GHz) 
Coilector-Base Capacitance = “ 


(Vcp = 1.0 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS ) 
Noise Figure 
(Ig = 0.25 mAdc, VcE = 1.0 Vde, f = 0.5 GHz) 
(Ig = 0.25 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(t¢ = 0.25 mAdc, Vcg = 1.0 Vdc, f = 0.5 GHz) 


(Ig = 0.25 mAdc, VcE = 1.0 Vdc, f = 1.0 GHz) 


Transducer Power Gain 
(tg = 0.5 mAdc, Vcg = 1.0 Vdc, f = 0.5 GHz) 
(te = 0.5 mAdc, Vce = 1.0 Vdc, f = 1.0 GHz) 


FIGURE 2 — TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus FREQUENCY 


Nt 


18F~ Veg = 1.0 Vae 
Ie = 250 uAde 


BERG 


Gy, TRANSDUCER POWER GAIN (dB) 
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f, FREQUENCY (GHz) 


NF, NOISE FIGURE (dB} 
Gy, TRANSDUCER POWER GAIN (dB) 


FIGURE 3 — TRANSDUCER POWER GAIN AND NOISE 
FIGURE versus EMITTER CURRENT 
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RF SMALL SIGNAL DESIGN USING 
TWO-PART PARAMETERS 


Prepared By: 
Roy Hejhall 


INTRODUCTION 


Design of the solid-state, small-signal RF amplifier 
using two-port parameters is a systematic, mathematical 
procedure, with an exact solution (free trom approxima- 
tion) available for the complete design problem. The only 
sources of error in the final design are parameter 
variations resulting from transistor parameter distributions 
and strays in the physical circuit. Parameter distributions 
result from limits in measurement and random variations 
among identically designed transistors. 

The purpose of this paper is to provide, in a single 
working reference, the important relationships necessary 
for the complete solution of the RF small-signal design 
problem using two-port parameters. 

The major portion of the report presents design 
equations in terms of admittance parameters. A section on 
design with scattering parameters is also included. | 

This paper is based on work by Linvill!, Stern2, and 
others. Those who may wish to consider the derivations of 
some of the expressions should refer to the bibliography. 

This report assumes that the reader is familiar with the 
two-port parameter method of describing a linear active 
network. Several references are available on this subject. 
1 25254.6,85 9: 

It has also been assumed that a suitable transistor or 
other active device for the task at hand has been selected, 
and that two-port parameters are available for the 
frequency and bias point which will- be used. Device 
selection will not be covered as a separate topic in this 
report; rather, a thorough understanding of the material in 
the report should provide the designer with the tools he 
needs to select transistors for a particular small-signal 
application. 

The equations given in the text of this report are 
applicable to the common-emitter, common-base, or 
common-collector configuration, if the applicable set of 
parameters (common-emitter, common-base, or common- 
collector parameters) is used. Equations for the conver- 
sion of the admittance or hybrid parameters of any 
configuration to either of the other two configurations of 
the same parameter set are given in the appendix. 

While directed primarily toward circuit design with 
conventional bipolar transistors, two-port network theory 
has the advantage of being applicable to any linear active 
network (LAN). The same design approach and equations 
may therefore be used with field effect transistors inte- 
grated circuits /, or any other device which may be described 


as a linear active two-port network. 
Finally, various parameter interrelationships and other 
data are given in the Appendix. 


GENERAL DESIGN CONSIDERATIONS 


Design of the RF small-signal tuned amplifier is usually 
based on a requirement for a specified power gain at a 
given frequency. Other design goals may include band- 
width, stability, input-output isolation, and low noise 
performance. After a basic circuit type is selected, the 
applicable design equations can be solved. 

Circuits may be categorized according to feedback 
(neutralization, unilateralization, or no feedback), and 
matching at transistor terminals (circuit admittances 
either matched or mismatched to transistor input and 
output admittances). Each of these circuit categories will 
be discussed, including the applicable design equations 
and the considerations leading to the selection of a 
particular configuration. 


STABILITY 


A major factor in the overall design is the potential 
stability of the transistor. This may be determined by 
computing the Linvill stability factor! C using the 
following expression: 


(1) 


When C is less than 1, the transistor is unconditionally 
stable. When C is greater than 1, the transistor is 
potentially unstable. 

The C factor is a test for stability under a hypothetical 
worst case condition; that is, with both input and output 
transistor terminals open circuited. With no external 
feedback, an unconditionally stable transistor will not 
oscillate with any combination of source and load. If a 
transistor is potentially unstable, certain source and load 
combinations will produce oscillations. 

Although the C factor may be used to determine the 
potential stability of a transistor, the conditions of open 
circuited source and load which are assumed in the C 
factor test are not applicable to a practical amplifier. 


+Re (Y12Y21) = Real part of (¥12Y21) 
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Consequently it is also desirable to compute the relative 
‘stability of actual amplifier circuits, and Stern2 has 
defined a stability factor k for this purpose. The k factor 
is similar to the C factor except that it also takes into 
account finite source and load admittances connected to 
the transistor. The expression for k is: 


2 (g1, + G,) 9 2 Gy) 
k ae a ea NT ee een Oe 
+ Re (¥9¥9)) 
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If k is greater than one, the circuit will be stable. If k is 
less than one, the circuit will be potentially unstable and 
will very likely oscillate at some frequency. 

Note that the C- factor simply predicts potential 
stability of a transistor with an open circuited source and 
load, while the k factor provides a stability computation 
for a specific circuit. 

Stability considerations will be discussed further in the 
descriptions of each basic circuit type to follow. 


GENERAL DESIGN EQUATIONS 


There are a number of design equations which are 
applicable to most types of amplifiers. These equations 
will be discussed first. Descriptions of specific amplifier 
types will then follow, and each will contain additional 
design equations applicable to that particular amplifier. 


POWER GAIN 


The general expression for power gain is: 


yoy] 7 Re Oy) 


A 2 oo 
[¥1, + Ya Re Var 12 24 ) 
Yoo* *L 


(3) 


Equation 3 applies to circuits with no external feed- 
back. It can also be used with circuits which have external 
feedback if the composite y parameters of both the 
transistor and the feedback network are substituted for 
the transistor y parameters in the equation. The com- 
posite y parameters are determined by considering the 
transistor and the feedback network to be two “black 
boxes”’ in parallel: 


Pratap eo ~] 
| New 
Feedback | ‘Black 
Network | Box" 
B sas 


a SuaeeranE | 


For example, the above combination of transistor and 


feedback network may be characterized as a single “black 
box” by the following equations: t 


Yate > ¥uit * Maat 
Yiac * Yrot * Yree 

(4) 
Yorc = Yait * Yeas 


Yooe = Yaar * Yaae 


Where: 
Y11co>¥1]2c> Y21c> Y22c are the composite y parameters 
of the parallel combination of transistor and feedback 
network. 
Yllt> Yl2t: Y21t- Y22t are the y parameters of the 
transistor. 


Yiif. Y12f. Y21f, Y22f are the y parameters of the 
feedback network. 


Note that, since this approach treats the transistor and 
feedback network combination as a single “black box”’ 
with y} 1c, Y]2c, Y21c, and y22c as its y parameters, the 
composite y parameters may therefore be substituted in 
any of the design equations applicable to a linear, active 
two-port analysis. 

The neutralized and unilateralized amplifiers are special 
cases of this general concept, and equations associated 
with those special cases will be given later. 

Equation 3 provides a solution for power gain of the 
linear active network (transistor) only. Input and output 
networks are considered to be part of the source and load, 
respectively. Two important points should therefore be 
kept in mind: 

(1) Power gain computed from equation 3 will not 
take into account network losses. Input network 
loss reduces power delivered to the transistor. 
Power lost in the output network is computed as 
useful power output, since the load admittance 
YL is the combination of the output network 
and its load. 

(2) Power gain is independent of source admittance. 
An input mismatch results in less input power 
being delivered to the transistor. Accordingly, 
note that equation 3 does not contain the term 
Ys. 

The power gain of a transistor together with its 
associated input and output networks may be computed 
by measuring the input and output network losses, and 
subtracting them from the power gain computed with 
equation 3. 

In some cases it may be desirable to include the effects 
of input matching in power gain computations. A con- 
venient term is transducer gain GT, defined as output 
power delivered to a load by the transistor, divided by the 


+Refer to Seshu and Balabanian, “Linear Network 
Analysis,” John Wiley and Sons, 1959, P321 
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maximum input power available from the source. 
The equation for transducer gain is: 


4 Re (¥,) Re (¥%) [ya] 7 


Gl ee ee ee ae ae (5) 
an * ¥,) Wo, + ¥y) - ¥ 1223 


In this equation, Y] is the composite transistor load 
admittance-composed of both output network and its 
Joad, and Ys is the composite transistor source admit- 
tance-composed of both input network and its source. 
Therefore, transducer gain includes the effects of the 
degree of admittance match at the transistor input 
terminals but does not take into account input and output 
network losses. 

As in equation 3, the composite y parameters of a 
transistor feedback network combination may be substi- 
tuted for the transistor y parameters when such a 
combination is used. 

The Maximum Available Gain MAG is an often used 
transistor figure-of-merit. The MAG is the theoretical 
power gain of a transistor with its reverse transfer 
admittance y}2 set equal to zero, and its source and load 
admittances conjugately matched to y, 4 and y722, respec- 
tively. 

If y}2 = 0, the transistor exhibits an input admittance 
equal to yi and an output admittance equal to y27.+ 
The equation for MAG is, therefore, obtained by solving 
the general power gain expression, equation 3, with the 
conditions 


¥i2> 
= 


Yy = Yoo 


* 
and ¥, = Yq) 
where * denotes conjugate 


which yields: 


2 
[al 


MAG = ———__________- (6) 
4 Re Vv.) Re Yo) 


MAG is a figure of merit only, since it is physically 
impossible to reduce y12 to zero without changing the 
other parameters of the transistor. An external feedback 
network may be used to achieve a composite y}2 of zero, 
but then the other composite parameters will also be 
modified according to the relationships given in the 
discussion of the composite transistor — feedback net- 
work “black box.” 


anc nm nena ees nN LT STE SASS TA Pe TENA gS RASS SUCHE 

tObtained by solving the equations for transistor Y yj and 
YOUT with y}2 equal to zero. These equations are given 
later in the report. 


CASCADED LAN’S 


Design calculations for cascaded LAN’s may be per- 
formed by first computing composite two-port parameters 
as was done in the case of the parallel LAN’s. 

For the following cascaded LAN’s 


The composite y parameters are: 


$i. ceed oo tea 2a 
Mie “* ila ¥555 + Vaan 
Yoo =y,. -—22b%2Ib 
22c 22b Yooa *Yu0p (7) 
ae _ Yata Yip 
oe Yo0a * Y11b 
ee _ 12a Y12b 
= Yooa * Yip 


where Ylic, Y22c, Y2Ic, Y12c are the composite y 
parameters of the cascaded LAN’s. 


TRANSISTOR INPUT AND OUTPUT ADMITTANCES 


The expression for the input admittance of a transistor 
is: 


Yi2 You 
Ly eas (8) 


Yoo + *L 


The expression for the output admittance of a tran- 
sistor is: 


out * Ya2 - (9) 


When the feedback parameter y 7 is not zero, YIN is 
dependent on load admittance and YQUT is dependent on 
source admittance. 


AMPLIFIER STABILITY 


One of the major considerations in RF amplifier design 
is stability. The stability of a final design can be assured 
by including stability computations and considering stabil- 
ity in all design decisions relating to feedback and 
transistor source and load admittances. 

The potential stability of the transistor should first be 
computed using equation 1. 
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The various alternatives concerning input — output 
matching and neutralization — unilateralization will now 
be discussed for both the unconditionally stable transistor 
and the potentially unstable transistor. 


THE UNCONDITIONALLY STABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined by equation | is less than one, the transistor is 
unconditionally stable. Oscillations will not occur using 
any combination of source and load admittances without 
external feedback. Stability is therefore eliminated as a 
factor in the remainder of the design, and complete 
freedom is possible with regard to matching and neutrali- 
zation to optimize the amplifier for other performance 
requirements. 


AMPLIFIERS WITHOUT FEEDBACK 


The amplifier with no feedback is a logical choice for 
the unconditionally stable transistor in many applications 
since it may offer the advantages of fewer components 
and a simple tuning procedure. 

Source and load admittances may be selected for 
maximum gain and/or any number of other requirements. 
Power gain and transducer gain may be computed using 
equations 3 and 5, respectively; input and output admit- 
tances may be computed using equations 8 and 9, 
respectively. | 

The amplifier stability factor may be computed using 
equation 2. While amplifier stability was assured from the 
beginning by the use of an unconditionally stable tran- 
sistor, the designer may still wish to perform this 
computation to provide some insight into danger of 
instability under adverse environmental conditions, source 
and load variations, etc. 


Gmax 

Gmax, the highest transducer gain possible without 
external feedback, forms a special case of the no feedback 
amplifier. | 

The source and load admittances required to achieve 
Gmax may be computed from the following: 


1 


Sg* ZT Re Voy) | 2 Re (y,4) Re (¥pq) = Re Wy9¥ay) |“ [Yaar | (10) 
Im(¥o1¥ 19) 
B= - Im(y,)) pepunie 5 is (13) 
2 Rely 99) 
i y 
G, = sa I [2 Re ly, ,) Re oq) - RE Wy¥oy) | 7 - [y0¥ ar 
L* 2 Re(y,,) Yay 22 12921 12721 (12) 
Im(y 99 42) wa 
B, = - Imly,,) + ——— 13 
L 22 * Rew, ,) 


Therefore, if the maximum possible power gain with- 
out feedback is desired for an amplifier, equations 10, 11 
12, and 13 are used to compute Yg and Y|. 


The magnitude of Gmax may be computed from the 
following expressions: 
Smax * 
2 
y 
__ Wa : antes 
[2 Rely 1) Retyg9) - Re(yyo¥2,)| ° - [y 12%] | 
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Equations 10, 11, 12, and 13 can be obtained by 
differentiating equation 5 with respect to Gs, Bs, GL, and 
BL, and setting the four derivatives equal to zero. The Gg, 
B,, GL, and By, thus computed can then be substituted in 
equation 5 to obtain the expression for Gmax, equation 
14. 


THE LINVILL METHOD 

The amplifier without feedback design problem may 
also be solved graphically using a technique developed by 
J. G. Linvill.+ Linvill’s technique is very useful for a 
certain class of problems. Since it is so fully discussed in 
many good references, we will not go into it further here. 
An advantage of the Linvill technique is that it provides a 
reasonably rapid graphic solution relating gain, band- 
width, and stability. A disadvantage is its scope of 
usefulness, since the standard Linvill solution applies only 
to an amplifier with no external feedback and the Yg 
conjugately matched to the transistor input admittance, 


YIN. 
THE UNILATERALIZED AMPLIFIER 


Unilateralization consists of employing an external 
feedback network to achieve a composite y 172 of zero. 

While unilateralization is perhaps most often used to 
achieve stability with a potentially unstable transistor, 
other circuit considerations may also warrant the use of 
unilateralization with the unconditionally stable tran- 
sistor. For example, the input-output isolation afforded 
by unilateralization may be desirable in a particular 
design. 

Design equations for the unilateralized case are ob- 
tained by first computing the composite y parameters of 
the transistor — feedback network combination and then 
substituting the composite parameters in the general 
equations. 

Referring to the discussion on composite y parameters 
and setting up the basic condition that y;2¢ must equal 
zero, the other composite y parameters can be computed. 
Assuming that a passive feedback network is being used, 
then 


Yioe = Yooe = ~Yaae = “Yaar 
and since Yo, = 0, Yioe * Ying = 0 


then Yioe = -Yyor 


and Yor * ~Yioe = Yaae = Voor = Yort 


a ree 


+ See reference 4 in the bibliography. 
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Substituting the above results in equations 4 yields the 
following: 


Yate Frat * Yiat 


Yaoe * Yoor * Yi2t 


Yioc = Yaar ~ Yiat = 9 


Yoie ~ Yart ~ Yi2t 


Substituting these complete y parameters in equations 
8,9, 3, 7, and 5 respectively, yields equations 15, 16, 17 
18, and 19 respectively for the unilateralized case. 

Unilateralized input admittance 


Y (15) 


IN ~%11 * Yy92 
Unilateralized output admittance 


Your * Ya2* ig (16) 


Unilateralized power gain, general expression: 


2 
\Y01 : 7 Re (Y, ) 
(17) 


Gpy = 


2 
ia * Yoo + ¥al Re(y,,) 


Unilateralized power gain with Yj conjugately 
matched to YOUT: | 


2 
Yor - ¥ 42 


4 Rely), + Yi2) Rely. + Yio) 


Gy = (18) 


Unilateralized transducer gain: 


(19) 


Gpy = 2 
(Yin + Yun + YQ) Won + Vyq + ¥)| 


Note that equations 15, 16, 17, 18 and 19, are given 
entirely in terms of the transistor y parameters, not those 
of the feedback network or the composite. 

Another benefit of unilateralization is input — output 
isolation. As can be seen in equations 15 and 16, YIN is 
completely independent of YL, and YQUT is similarly 
independent of Ys. In a practical sense, this means that in 
a single or multi-stage amplifier using unilateralized stages, 
tuning of any one network will not affect tuning in other 
parts of the circuit. Thus, the troublesome task of having 
to re-peak an entire amplifier following a change in tuning 
at a single point can be eliminated. 


NEUTRALIZATION 


Neutralization consists of employing a feedback net- 
work to reduce yj2 to some value other than zero. 
Neutralization is generally used for the same purposes as 
unilateralization, but provides something less than the 
ideal cancellation of the transistor feedback parameter 
which unilateralization achieves. A typical example of 
neutralization might be a feedback network which pro- 
vides a composite b,2 of zero while having only a 
negligible effect on the transistor g12. 
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The equations for a particular neutralized case would 
be developed in the same manner as those for the 
unilaieralized case. Since there are an infinite number of 
possibilities, no specific equations will be given here. 

This completes the discussion of design with the 
unconditionally stable transistor. The potentially unstable 
transistor will now be considered. 


THE POTENTIALLY UNSTABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined by equation | is greater than one, the 
transistor is potentially unstable. Certain combinations of 
source and load admittances will cause oscillations if no 
feedback is used. In designing with the potentially 
unstable transistor, steps must be taken to insure that the 
amplifier will be stable. 

Stability is usually achieved by one or both of two 
methods: 

(1) Using a feedback network which reduces the 
composite y}2 to a value which insures stability. 

(2) Choosing a source and load admittance combina- 

tion which provides stability. 
A discussion of these basic methods is given below. 


USING FEEDBACK TO ACHIEVE STABILITY 


Either unilateralization or neutralization may be used 
to achieve stability. If unilateralization is used, the 
transistor-feedback network combination will be uncon- 
ditionally stable. This may be verified by computing the 
Linvill stability factor of the combination. Since y 12. = 0, 
the numerator in equation | would be zero. 

With stability thus assured, the remainder of the design 
may then be done to satisfy other requirements placed on 
the amplifier. After unilateralization has converted the 
potentially unstable transistor to an unconditionally 
stable combination, all other aspects of the design are 
identical to the unilateralized case with the uncondition- 
ally stable transistor. Power gains and input and output 
admittances may be computed using equations 15 through 
19. : 

If neutralization is used to achieve stability, the Linvill 
stability factor can be used to compute the potential 
stability of any transistor — neutralization network 
combination. Since in this case y)2¢ # 0, C will have a 
value.other than zero. 

After unconditional stability of the transistor-neutrali- 
zation network combination has been achieved, the design 
may then be completed by treating the combination as an 
unconditionally stable transistor, and proceeding with the 
case of the unconditionally stable transistor in an 
amplifier without feedback. Power gains, input and 
output admittances, and the circuit stability factor may 
be computed by using the composite parameters of the 
combination in equations 2,3, 5,8, and 9. 


STABILITY WITHOUT FEEDBACK 


A stable design with the potentially unstable transistor 
is possible without external feedback by proper choice of 


souce and load admittances. This can be seen by inspec- 
tion of equation 2; Gs and/or GL can be made large 
enough to yield a stable circuit regardless of the degree of 
potential instability of the transistor. 

This suggests a relatively simple way to achieve a stable 
design with a potentially unstable transistor. A circuit 
stability factor k is selected, and equation 2 is used to 
arrive at values of G, and Gy which will provide the 
desired k. In achieving a particular circuit stability factor, 
the designer may choose any of the following combina- 
tions of matching or mismatching of G, and GL to the 
transistor input and output conductances, respectively: 

(1) G, matched and GL, mismatched 

(2) Gy matched and Gg mismatched 

(3) Both G, and GL, mismatched 

Often a decision on which combination to use will be 
dictated by other performance requirements or practical 
considerations. 

Once Gg and Gz have been chosen, the remainder of 
the design may be completed using the relationships 
which apply to the amplifier without feedback. Power 
gain and input and output admittances may be computed 
using equations 3, 5, 8, and 9. 

Although the above procedure may be adequate in 
many cases, a more systematic method of source and load 
admittance determination is desirable for designs which 
demand maximum power gain per degree of circuit 
stability. Stern has analyzed this problem and developed 
equations for computing the conductance and susceptance 
of both Ys and Yy, for maximum power gain for a 
particular circuit stability factor.2;4 These equations are 
given here: 


G,= \ [| ys2¥011 : rere Pi “811 (20) 
2 B22 
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Boo oS  -D (22) 
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Where, 


(B, + biG, + Boo) + (By + Boo) k(L +M)/2(G, + Boo) 


ler nO (24) 
| k (L + M) 
L = |y2¥a| (2s) 


Defining D as the demoninator in equation 5 yields: 


z4 [kL + M) + am] 2” th 
Dene st fe ys AP Ga 
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k(L + M) 


where, A=——s—— -M,y (28) 


N= Im(¥19¥9)), (23) 
and, 


Zo = that real value of Z which results in the smallest 
minimum of D, found by setting, 


te 74 [_L + M) + 2M | Z - 2N \ + M) (30) 


equal to zero. 

Computation of Ys and YL, using equations 20 through 
30 is a bit tedious to be done very frequently, and this 
may have discouraged wide usage of the complete Stern 
solution. However, examination of Stern’s work suggests 
some interesting shortcuts: 

(A) COMPUTATION OF G, AND Gy, ONLY, USING 

EQUATIONS 20. AND 21. If a value equal to 
-b22 is then chosen for BL, the resulting YL, will 
be very close to the true YL, for maximum gain. 
The transistor YIN can then be computed from 
YL using equation 8, and Bg can be set equal to 
-Im(YIN)- 

Computation of Bs and BL, comprise by far 
the more complex portion of the Stern solution. 
This alternate method therefore permits the 
designer to closely approximate the exact Stern 
solution for Ys and Yp while avoiding that 
portion of the computations which are the most 
complex and time consuming. Further, the cir- 
cuit can be designed with tuning adjustments for 
varying B, and BL, thereby creating the possi- 
bility of experimentally achieving the true Bs and 
By, for maximum gain as accurately as if all the 
Stern equations had been solved. 

(B) MISMATCHING Gs TO gi} AND Gy TO g22 
BY AN EQUAL RATIO YIELDS A TRUE 
STERN SOLUTION FOR Gg, AND Gt. This can 
be derived from equations 20 and 21, which lead 
to the following result: 


aaa (31) 
Boo Bay 


If a mismatch ratio, R, is defined as follows, 
Rees SS (32) 


then R may be computed for any particular 
circuit stability factor using the equation: 


eee estat nt ss 


2 611 S22 


Equation 33 was derived from equation 2 and 
32. Having thus determined R, Gs and GL, can be 
quickly found using equation 32. 

B, and By can then be determined in the 


am 4an4 


manner described above in alternate method (A). 

This alternate method may be advantageous if 
source and load admittances and power gains for 
several different values of k are desired. Once the 
R for a particular k has been determined, the R 
for any other k may be quickly found from the 
equation 


myers (34) 
k 


where Rj and R? are values of R corresponding 
to ky and k2, respectively. 

(C) COMPUTER DESIGN. The complete Stern 

_ design problem may be programmed into a 
computer. Power gain, circuit stability factor, Ys 
and Yy can be obtained from the computer for 
any value of k. MAG, Gy, and the Linvill 
stability factor of the transistor may also be 
included in the program. 

After employing either the complete Stern solution or 
an alternate method to obtain Ys and Yj for the 
potentially unstable transistor in an amplifier without 
feedback, power gains and input and output admittances 
may be obtained using equations 3, 5, 8, and 9. 


SENSITIVITY 


In all but the unilateralized amplifier, Y{N is a function 
of load admittance. Thus Y]N changes with output circuit 
tuning, and this can be troublesome. Consequently, it is 
sometimes desirable to compute the extent of variation of 
YIN with changes in YL. A term, sensitivity 5, has been 
defined to provide a measure of this characteristic, and is 
equal to per cent change in YN divided by per cent 
change in YL. The equation for sensitivity is: 


L B11 Ke 
b= ) . 
Yoo + Yy Yu Yoo + Yi + 8yy x el® (35) 
822 Ya 
where, Yor Vig 
K= 
€11 &g2 


@= arg (-¥\2¥9) * 

K Paget K (cos 6+ j sine ) 
A more complete discussion of sensitivity is given in 
reference 5. 


DESIGN WITH SCATTERING PARAMETERS 


Scattering, or s_ parameters have greatly increased in 
popularity since the late 1960's, largely due to the 
appearance of sophisticated new equipment for perform- 
ing S parameter measurements. 

A summary of S parameter design equations is given 
below. 

Power gain: 


(36) 


AS =S,,8 $ 


11522 ~ 519594 


N= S09. -DS* 11 


Transducer gain: 
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(37) 
ae P 
i1!'s) (1 - Spo 'y) - S489)" "g 
Input reflection coefficient: 


Pos 12°21 L (38) 


Output reflection coefficient: 


S..S2 oP 
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San = San + (39) 
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Linvill stability factor: 


c-K7?} 


j2 2 2 
1+ |AS)" - Si - Soo (40) 


21819891 


K = 


AS = 814599 - 812891 

Equation 40 which gives K, the reciprocal of C, is 
presented in this form because it is the s parameter 
stability expression most often seen in the literature. K in 
equation 40 must not be confused with Stern stability 
factor k given in equation 2. . 

Maximum unneutralized transducer gain, uncondition- 
ally stable LAN: 


s 
21 [2 
Gio s (K + VK* - 1) | (41) 
Kec? 


C = Linvill Stability Factor 


Source and load reflection coefficients for a conjugate 
match of the unconditionally stable LAN in an amplifier 
without feedback: 


rag = Mtt nm (42) 
Pint = NY m2 a (43) 
Where B, = 1+ ls, |? -|s,,|? -|as|? 

By = 1+ [Syo]” -[8y,)° -|a8/? 


M=S.,- (As)S,,*) 


N = Sy - (4s) (S,4*) 


A more comprehensive treatment of amplifier design 
with s parameters is given in references 6, 8, and 9. 

One cautionary note is in order. 

Several papers have been published on the subject of 
simplifying the s parameter design procedure by making 
the assumption that the reverse transfer parameter, $12, is 
equal to zero. This procedure totally ignores the entire 
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problem of amplifier stability. 

Modern high gain solid-state RF devices will readily 
oscillate under a wide variety of circuit conditions. 
Stability problems are encountered even with extremely 
low feedback devices such as Linear IC’s and dual gate 
MOSFETS. Therefore, amplifier design calculations which 
do not include device and circuit feedback are only an 
approximation which will yield either an inaccurate 
solution or possibly even an oscillator when the design is 
tested in the laboratory. Reference 10 provides more 
detail on the shortcomings of this procedure, including an 


amplifier design example which did turn out to be an 


oscillator. 


SUMMARY OF DESIGN PROCEDURE 


A summary of the amplifier design procedure using 
two-port parameters is given below. 

1. Determine the potential instability of the active 
device. 

2. If the device is not unconditionally stable, decide on 
a course of action to insure circuit stability. 

3. Determine whether or not feedback is to be used. 

4. Determine source and load admittances. 

5. Design appropriate networks to provide the desired 
source and load admittances. 


Stability (Steps 1 and 2 above) 


A stability computation for the worst case conditions 
of open circuit source and load is provided by Linvill’s 
stability. factor C. If the C factor indicates unconditional 
stability, no combination of passive terminations can 
cause oscillations. 

Stability calculations should include the total feedback 
of the amplifier. In the case of extremely low feedback 
devices such as dual gate MOSFET’s and Linear IC’s, 
external circuit feedback often eclipses the internal device 
feedback. In such a case, the designer should measure the 
external: circuit feedback and include it in the design 
calculations. To accomplish this, see the earlier section of 
this note on the composite parameters of two-port LAN’s 
in parallel. 

If the device is unconditionally stable, the design may 
proceed to fulfill other objectives without fear of oscilla- 
tions. If the device is potentially unstable, steps must be 
taken to prevent oscillations in the final design. Stability 
is achieved by proper selection of source and load 
admittances, by the use of feedback, or both. 


Feedback (Step 3) 


Feedback may be employed in the tuned high fre- 
quency amplifier to achieve stability, input-output isola- 
tion, or to alter the gain and terminal admittances of the 
active device. A decision to employ feedback would be 
based on whether or not its use was the optimum way to 


accomplish one of the foregoing objectives in a particular 
application. 

If feedback is employed, the device parameters may be 
modified to include the feedback network in accordance 
with standard two-port network theory. The remainder of 
the design may then proceed by treating the transistor- 
feedback network combination as a single, new two-port 
linear active network. | 


Source and Load Admittances (Step 4) 


Source and load admittance determination is de- 
pendent upon gain and stability considerations, together 
with practical circuit limitations. 

If the device is either unconditionally stable itself or 
has been made stable with feedback, stability need not be 
a major factor in the determination of source and load. If 
the device is potentially unstable and feedback is not 
employed, then a source and load which will guarantee a 
certain degree of circuit stability must be used. Also, it is 
a good idea to check the circuit stability factor during this 
step even when an unconditionally stable device is used. 

Finally, practical limitations in matching networks and 
components may also play an important part of source 
and load admittance determination. 


Network Design (Step 5) 


The final step consists of network synthesis to achieve 
the desired source and load admittances computed in step 
4. | 

Sometimes, it will be difficult to achieve a desired 
source and load due to tuning range limitations, excess 
network losses, component limitations, etc. In such cases, 
the source and load admittances will be a compromise 
between desired performance and practical limitations. 


SUMMARY 


The small signal amplifier performance of a transistor is 
completely described by two-port admittance parameters. 
Based on these parameters, equations for computing the 
stability, gain, and optimum source and load admittances 
for the unilateralized, neutralized, and no-feedback. 
amplifier cases have been discussed. 

The unconditionally stable transistor will not oscillate 
with any combination of source and load admittances, 
and circuits using a stable transistor may be optimized for 
other performance requirements without fear of oscilla- 
tions. 

The potentially unstable transistor requires that steps 
be taken to guarantee a stable design. Stability is usually 
achieved by unilateralization, neutralization, or selection 
of source and load admittances which result in a stable 
amplifier. 

Unilateralization and neutralization reduce the com- 
posite reverse transfer admittance. They may be used to 
achieve stability, input — output isolation, or both. 

Maximum power gain per degree of circuit stability 
without feedback may be achieved using Stern’s equa- 
tions. 
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The degree of input — output isolation is described by 
the term sensitivity, which makes it possible to compute 
changes in input admittance for any change in load 
admittance. 

The theory and design equations in this report are 
applicable to any linear active device which may be 
characterized as a two-port network. Therefore, the term 
“transistor” used herein refers generally to all such 
devices, including FETs and integrated circuits. 
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GLOSSARY 

C = Linvill’s stability factor 

k = Stern’s stability factor 

G, = Real part of the source admittance 
GL = Real part of the load admittance 

Bs = Imaginary part of the source admittance 
BL = = _Imaginary part of the load admittance 
811 = Real part of y1] 

£22 = Real part of y22 

G = Generalized power gain 

YL = Complex load admittance 

Ys = Complex source admittance 


. “Circuit Design and Characterization of Transistors - 
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Transducer gain 


MAG = Maximum available gain 

= = Conjugate 

YIN = Input admittance 

YOUT = Output admittance 

Gmax = Maximum gain without feedback 
GU = = _Unilateralized gain 

GTU = Unilateralized transducer gain 

) = Sensitivity 

S11 = Input reflection coefficient 

S'22 = Output reflection coefficient 

ry = =_Load reflection coefficient 

I's = Source reflection coefficient 

K = Scattering parameter stability factor . 
APPENDIX I 


A. Conversions among parameter types for y, z, h, and g 
parameters. 
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where SY =¥11 Yoo ~ Yy2 Yay 


B. Conversions among common emitter, common base, 
and common collector parameters of the same type for y, 
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and h parameters. 


Common emitter y parameters in terms of common 


base and common collector y parameters. 


Yate = Yump * Yiap * Yau * Y22p ~ 
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Vite 
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Common base y parameters in terms of common emitter 


and common collector y parameters. 
Yitp = Yate * Yize * Ya1e * Ya2e 
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= Yo 
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Common collector y parameters in terms of common 


emitter and common base y parameters. 
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Common emitter h parameters in terms of common base 


and common collector h parameters. 
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Common has h parameters in terms of common emitter 


and common collector h parameters. 


Rite Dije 
"ub Gah )(i-hog) + hog hh . 
2le’ ‘"~ 12e lle 22e 1 +h 
Zle 
Rite “Arte 
Hite Baae ~ Pate M126 hate 


18.12 


Bite Beze - Myzel + Pore) aye Mane Output Impedance 
h Se 
12D (1 + Bygg) (irhyg,) + hyye hyn, D+ hy, Ne Az+ t992, yy + Yy hy + 4, 
Zour 2 OOS 
bare Myae) * Bare Mave Bite Maze “1% AY + Yan ¥g 4B + Pan 2g 
= ——— * (h,, - 1) - ———— 
Mite Maze ~ Pare Mize hore Ag + Boo Y, 
e “EHyae) - Myre Maze “hore Gi + Ys 
hoi = * 
(1 + fos.) (-hyo,) + hy, Noo, 1+ hoy, Conversion between y parameters and s (scattering) para- 
meters: 
o(! + Bare) - Bite Page “a + hoy) | _ EVay) r¥n9) + V9 Yay 
° . “Gay, 3) eyy9) 
: "V1! O*¥09) - Vy9 You 
Nic Paae - Bare Prac hate 
-2Y 10. 
nee ho2e 819 = WOW + 
hoo. = ys ty, 1) (+99) - ¥y0 Y 
22b ll 22 12 21 
(1+ Boye) hyo) + Wye hang = + hag 
-2y 
h h 1 + 
22 22c¢ = 
- — ns waa © (yy) U¥99) - Va9 Yay 
hi, Noo, - Rey h h 
lle 22c 2lc  12c 21c 
a = Van) -¥n0) * Yen Yap 
. 22 
Common collector h parameters in terms of common base (1+¥1 1) (+¥90)- Yio You 
and common emitter h parameters. 
Ria Nib ear 22) (1-8 a * P19 en 1 
h = See h me 
ile lle (1+s ) (1+855 Zo 
(2+ boy) bia.) + Hoon Magy 1+ Peip 11 “12 °2 
“2855 Tayi anal i 
1+ h,, nner 
21b l+s 1+8,,) - 8 Zz 
hie = oS Fi 1-h io, ( 11) ( ") 12 521 fe) 
(1+ Boy) G-hy) + Ron, By yy 
La Tan aa 
h 
a 12b - 1 ol - eh (1+s,,) ina B19 891] 2, 
2lc ~ * 2le 
- + Bay) rhya) + Boa, Bay 1 + Boa, 
h h y= (1+8,,) (1-859) + Bio 304 1 
= 22b ~ 22d 22 Lf ———— TLL TSC —mmee 
h = Rr = h - 
No% 22e (14+8,5) (1+8, 5) - 815 89)| 2 
(1 + ho yp) (t-hy op) + hoop Dap 1+ hoy, 22 ll 12 "2 
Expressions for voltage gain, current gain, input im- . a 
pedance, and output impedance in terms of y, z, h, and g where Zo= the characteristic impedance of the transmis- 
parameters. sion lines used in the scattering parameter 
Voltage Gain system, usually 50 ohms. 
Z - ~h,, 2 Z . 
Ay: 721 “L fa oe _ 821 “L Conversion between h parameters and s parameters: 
AZ + 24 Zr Yoo + Yr, Diy + AhZ, Boo + 2 
8,, (I 41,) ~ 
21 L (h,,-1) (h,,+1) - h 
“T-8yh) aS ppp ea Mai a 
(hy +2) (hggtd) - hyp hoy 
Current Gain oe 2h2 H 
A, = far | ¥en Yn _ Par Yh . 21 12 (hy +4) (hyo +d) - by boy 
Zon + Ze Sy + Yuy Yr, hoo + Yi, ag + €ry Zy 2 
25) = 2) 
, 21 ~ 
Input Impedance (hy +1) (yg#) = byy hy, 
Az + 21% Yon + Yy 4h + hy, Yy a = UTBan) 2 -Bop) + Bye May + 
Zany = = = 22° 
IN (h, ,+1) (h,,+1) - h 
Zon + Dy ay +¥,¥, hoo + Yy, 117) (hoe 12 "21 
Bo + Zr, he (1+8,,) (1+ So) - 819 85) z 
= ——__— ll” Wie) Va | C0 
Ag + 8), 2; | (1-84) (+899) + 849 8) 


16-136 


2819 


"2 : (1-s,,) (1+8,,) + S44 
11) “+8y9) + S49 $2) 
3 “289 
2 © (1-8) (14899) + 849 S01 
oe (1-Sp9) (1-844) - 839 89) | 1 
27 ss 


_ 8,4) +899) + 849 521 J 2 


er 


+In converting from y to s parameters, the y parameters 
must first be multiplied by Zo, and then substituted in 
the equations for conversion to s parameters. . 
++In converting from h to s parameters, the h parameters 
must first be normalized to Zo in the following 
manner and then substituted in the equations for 
conversion to s parameters: 


Parameter To Normalize 
hi] divide by Zo 
hi2 use as iS 
h?] use as iS 
h22 multiply by Zo 


Conversion between z parameters and s parameters: 
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tttIn converting from z to s parameters, the z parameters 
must first be divided by Zo, and then substituted in 
the equations for conversion to s parameters. 
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UHF AMPLIFIERS DESIGN | 
USING DATA SHEET DESIGN CURVES 


INTRODUCTION 


The design of UHF amplifiers usually involves a parti- 
cular set of device parameters of which h, y, and s param- 
eters are probably the most familiar. These parameters are 
commonly used to determine device loading (input and out- 
put) admittances for particular gain and stability criteria. 
The design procedure for determining gain and stability 
usually involves a mathematical solution, a graphical ap- 
proach, or a combination of both. 

This report describes a design technique for the unneu- 


tralized case whereby the device loading admittances are. 


taken directly from device design curves. An example is 
given of how these design parameters are used to design a 
single stage 1 GHz microstrip amplifier and predicted re- 
sults are compared to actual measured values. Practical 
circuit construction techniques are also discussed for the 
benefit of readers unfamiliar with microstrip techniques. 


STABILITY CONSIDERATIONS 


Two very important methods! for expressing stability 
involve Linvill’s stability factor “C” and Stern’s stability 
factor “k”. The first deals primarily with the device since 
an open termination is assumed on both the input and out- 
put and is formulated: 


|¥12Y12/ 
2811 892 — Re (y19¥>)) 


If “C’’ is greater than 1, the transistor is potentially un- 
stable. However, if C is less than 1, the transistor is un- 
conditionally stable. The C factor versus frequency for 
the common base and common emitter configurations 
(2N4957) are shown in Figures 10 and 17 respectively. 

The second method is primarily circuit oriented and is 
used to compute the relative stability of an actual ampli- 
fier circuit for the particular source and load terminations 
used. If “k” is greater than 1, the circuit is stable. If “k”’ 
is less than 1 the circuit is potentially unstable 

Stern has developed equations for calculating the input 
and output loading admittances for maximum power gain 
with a particular stability factor, k. These values of input 
and output admittances in conjunction with the device 
parameters can then be used to calculate the transducer 
gain. 
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Defining D as the denominator in GT expression yields: 


Z4 _ [k(L + M) + 2M] Z2 
D=7-+ z -2NZVk(L+M)+A2+N2 


2 


+ 
where, A= or -M, 


and, 


Zo = that real value of Z which results in the smallest mini- 
mum of D, found by setting, 


7 7234 [k(L + M) + 2M] Z-2N/K(L+ M). 


equal to zero. 


4 Re (Ys) Re (YL) ly 4/2 


os ¥ 14 + Ys) (¥y9 + YL) -¥, 5412 

k = Stern’s stability factor 

Gs = Real part of the source admittance 
GL = Real part of the load admittance 

Bs = Imaginary part of the source admittance 
BL = Imaginary part of the load admittance 
£11 = Real part of y;, 

222 = Real part of Y9 

YL = Complex load admittance 

Ys = Complex source admittance 

GT = Transducer gain 

YIN = Input admittance 


YOUT = Output admittance 


Gmax = Maximum gain without feedbak 


Computer solutions of these equations for various values 
of k versus frequency have been plotted in Appendix I for 
the 2N4957. These curves include common-base (Figures 
10 through 16) and common-emitter (Figures 17 through 
22). | 

From these curves, the designer can determine the input 
and output loading admittances for maximum power gain 
at a particular circuit stability. In addition, the transducer 
power gain under these conditions can also be determined. 
Thus the designer, rather than reading s or y parameters 
from a curve and using this information to design an ampli- 
fier, has all the design equations solved and presented in 
convenient, computer-derived design curves. 

The following example demonstrates how these curves 
can be utilized in the design of a 1 GHz amplifier using the 
2N4957. In addition, a second example is shown to de- 
monstrate the special case where input admittance is de- 
termined primarily by noise figure considerations rather 
than by maximum power gain. 


1 GHz AMPLIFIER DESIGN 


A preliminary investigation of stability and power gain, 
common-emitter and common-base, can be quickly made 
from the design curves. For instance, the unilateralized 
gain (Figure 8) at 1 GHz is approximately 15 dB for either 
the commonh-emitter or common-base configuration. Also, 
the C factor for the common-base configuration (Figure 10) 
is greater than one and indicates potential device instability. 
However, the C factor for the common-emitter configura- 
tion (Figure 17) is less than one and indicates uncondi- 
tional device stability. 

Figures 16 and 22 are key curves that show transducer 
power gain for the common base and common emitter 
configuration respectively. Assuming a circuit stability 
factor of 4*, power gain is approximately 15 dB, common- 
base. Although the common-emitter curve is not extended 
to 1 GHz(since this is a region of unconditional stability) 
power gain for k = 4 would be obviously much less than 
15 dB. 

Using the common base configuration with k = 4, the 
required input and output admittance for maximum power 
gain can be determined directly from Figures 11 through 
16. 

For instance, the real part of the output admittance can 
be read from either Figure 11 or 12. Figure 12 is an ex- 
panded version of Figure 11 and is intended to facilitate 
lower frequency use. The imaginary portion of the output 
admittance is shown in Figure 13. Figures 14 and 15 show 
the real and imaginary portions of the input admittance 
respectively. The resultant input and output admittances 
are shown in Figure 1 and are summarized: 


Conditions: (2N4957) 


VcE =10V 
Ic =2mA 
f = 1 GHz 
GT =15dB 
k = 4 


Input admittance = 69.5 mmhos +j27.1 mmhos 
Output admittance = 1.53 mmhos -j7.46 mmhos 


It becomes apparent that the emitter must “‘see”’ an ad- 
mittance of 69.5 mmhos shunted by a susceptance of +j27.1 
mmhos. The latter, in terms of a lumped constant element, 
would be a lossless capacitor. Likewise, the collector 
would be required to see an admittance of 1.53 mmhos 
shunted by -j7.46 mmhos. The latter, in terms of a 
lumped-constant element, would be a lossless coil. This 
loading will result in a stability factor, k, of 4 and a power 
gain of 15 dB, the maximum power gain possible for k = 4. 
This loading does not include stray capacitance. If stray 
capacitance is assumed to be 1 pF, the actual load is 1.53 
mmhos -j13.5 mmhos (see Figure 1). 


INPUT 
NETWORK 


502 (69.5 +j21.3) mmhos 


2N4957 
UNDER 
TEST 


(1.53 -j13.5) mmhos 


OUTPUT 
NETWORK 


5092 


lc =2mMA 


FIGURE 1 —~ COMMON BASE INPUT AND OUTPUT 
ADMITTANCES INCLUDING STRAY CAPACITANCE 


To facilitate instrumentation, both the source and load 
impedance will be 50 ohms. This admittance level must be 
transformed to the required device loading admittance. 
Micro strip techniques provide a convenient method of 
achieving this transformation without circuit reprodu- 
cibility and component loss problems that are common 
with many lumped constant circuits at this frequency. 

The Smith Chart is a convenient design tool for solving 
transmission line problems of this type. Since space does 
not permit, familiarity with this chart will be assumed. 


*For the purpose of this report a stability factor of 4 is 


chosen. Values of k less than 4 may not prove to be ad- 
vantageous from the standpoint of regeneration and 
parameter spread. 
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FIGURE 2 — OUTPUT NETWORK DESIGN 


Starting with the output circuit, both the 50 chm (20 
mmhos) load and the desired collector admittance are 
plotted on the Smith Chart (see Figure 2). As a starting 
point, a characteristic admittance of 20 mmhos will be 
_assumed. First, the 20 mmho load is plotted (point A, 
Figure 2), then point B is plotted (1.53 mmhos -j13.5 
mmhos). 

Although many different methods exist for transform- 
ing point A to point B (see Figure 2), a direct, and as 
it turns out, practical approach is that shown in Figure 3. 
This circuit uses C1 in parallel with RL, to vary the SWR of 
point A (Figure 2) to point C. Since point C has the same 
SWR as point B, a line Lj with an electrical length equal 
to 0.405A2 (point E) minus 0.214) (point D) will com- 
plete the transformation. Collector tuning is available 
with component C2. This variable capacitor provides the 
difference between the assumed stray capacitance and the 
actual circuit stray capacitance. 

The required SWR could have been realized by using an 
inductor in place of Cy. However, an inductor would have 
either forced the bias feed-point to be changed to the 
collector lead or necessitated a dc- isolated coil. Although 
this is readily attainable using transmission line techniques, 
the variable component Cj is more convenient. A typical 
curve of Q versus capacitance for (C1) is shown in Figure 
4. 

The output bias is fed through a 4000 ohm resistor 
rather than an RF choke. The resultant 8 volt drop across 
this resistor is easier to contend with than the circuit in- 
stabilities sometimes associated with RF chokes. 


The same procedure is followed in designing the input 
network (see Figure 5). Again, a stray capacitance of 1 pF 
is assumed. Thus, the actual input loading becomes 69.5 
mmhos +j21.3 mmhos. First, the 20 mmho load is plotted 
(see Point T, Figure 6). Next, point W is plotted (69.5 
mmhos +j21.3 mmhos). Adjusting the SWR with C3 
(point V) allows a transmission line of length L2 to trans- 
form the admittance at point V to the desired level at the 
base (point W). 
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FIGURE 3 — OUTPUT NETWORK 
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FIGURE 4 — Q versus CAPACITANCE FOR C, @ 1 GHz 
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CIRCUIT CONSTRUCTION 


The transmission line lengths Lj and L?2 are readily 


transferred to micro-strip lengths once the wavelength and — 


line-width are known. Hopefully, this information is avail- 
able from the manufacturer, but if not, it must be meas- 
ured before the design can be completed. The laminate 
used for this application required a line-width of approx- 
imately 0.16 inches for a 20 mmho characteristic admit- 
tance. This value proved adequate both from a realizable 
design solution on the Smith Chart and also from a practic- 
able circuit construction standpoint. 

The actual laminate thickness depends to a large extent 
on the desired characteristic impedance and the frequency 
of operation The line thickness for a 50 ohm line is ap- 
proximately 0.16 inch for a 1/16 inch laminate,and ap- 
proximately 0.035 inch for the same laminate 1/64 inch 
thick. As the intended frequency of operation is increased, 
the line width becomes a larger percentage of the line 
length.4 Higher ratios of line width to length may result 
in undesirable modes of operation. Decreasing the lami- 
nate thickness results in a smaller line width for the same 
characteristic (assuming TEM operation) and a smaller 
line width to length ratio. 

The dielectric constant for the material used was 2.6. 
The actual wavelength in the laminate is: 


A (actual) = ——— = +. = 7.34 inches 


Since L} = 0.191), 


The physical length of Lj is 1.4 inches 
Correspondingly , L2 is 0.062A or 0.455 inches. 


It should be pointed out that the actual wavelength? 
for this laminate is somewhat larger than that calculated 
from the dielectric constant. A careful measurement? of 
wavelength versus characteristic impedance (line width) 
demonstrates this phenomena. The slight increase in wave- 
length (6%) from that calculated using the dielectric con- 
stant was judged insignificant. However, this error in- 
creases for larger values of characteristic impedance and 
may prove to be quite significant for other laminates or 
narrower line widths. A good precaution would be to 
measure wavelength versus line width on each laminate 
used before TEM propagation is assumed. 

Although the lines can be produced by a masking-etch 
process, adequate results can be obtained by cutting the 
desired strip from a thin copper sheet and glueing this 
strip to the teflon glass board. The latter is a convenient 
method for making rapid design changes. 


The author observes several precautions which may or 


may not be necessary for all applications: 

1. All breadboards have a ground strap which encom- 
passes the outer periphery of the board. This strip 
is soldered to both the top and bottom copper sheets 
to effectively ground the outer periphery of the am- 
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FIGURE 6 — INPUT NETWORK DESIGN 


plifier on all four sides. The circuit dimensions are 
held to a minimum to keep the ground planes as short 
as possible. 


2. All RF connectors are carefully connected with 
grounding surfaces soldered to the ground plate. 
For instance, mount the connectors™ perpendicularly 
to the board at a point where the connection to the 
center conductor is a minimum length. Completely 
solder the outer conductor to the copper sheet on 
the opposite side of the board. Poorly mounted 
connectors may result in poor transitions and un- 
predictable impedance transformations. For ex- 
ample, tacking the outer barrel of this connector to 
the line side of the board may seriously alter the pre- 
dicted impedance level at the collector. 


The amplifier was constructed as specified and the ad- 
mittance levels were measured at the emitter and collector 
pins. These admittance levels were checked and adjusted 
to the original design values with C1, C2, C3, and C4 

The 2N4957 was then soldered directly into the circuit 
with minimum lead length. The resultant power gain was 
14.3 dB and the noise figure, 6.5 dB, which is within 1 dB 
of the original design requirements. Attempts to re-adjust 
the input loading and output loading for lower noise figure 
resulted in lower noise figure with decreased circuit stabil- 
ity. Although the circuit (adjusted for minimum noise fig- 
ure) didn’t oscillate, the calculated k factor from the re- 
sultant input and output admittances was approximately 
2: 


*General Radio Cable Connector 874-G58B. 
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LOW NOISE DESIGN 


Improvement in noise figure is possible by arbitrarily 
adjusting the input and output loading. For the purpose 
of this paper, the stability factor (k = 4) will be retained. 

However, the design curves represent the maximum 
power gain case. Although the circuit stability factor can 
be maintained at k = 4, varying the source loading will re- 
sult in less power gain than indicated in the design curves. 


The procedure for this case is as follows: 

First, the optimum source resistance is calculated (see 
Appendix ) and found to be 4392* The calculated noise 
figure for this source is 5 dB. In addition, the source re- 
actance was empirically determined to be inductive (j119Q). 

Second, the collector loading was calculated for a stabil- 
ity factor of 4. Using these values of source resistance and 
stability factor, the calculated gain (Gy) and collector 
loading is 11.8 dB and 3.41 mmhos —-7.5 mmhos (neglect- 
ing stray capacitance). 
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FIGURE 7 — LOW NOISE INPUT DESIGN 
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FIGURE 10 — LINVILL STABILITY FACTOR 
versus FREQUENCY 


The output network was readily adjusted to the de- 
sired collector loading. However, the input line was too 
short and required re-design (see Figure 7). The calculated 
value of this line length is 1.15 inches as contrasted with 
-46 inches used in the first example. The complete ampli- 
fier is shown in Figure 9. 

The resultant power gain and noise figure was 11.8 dB 
and 5.5 dB. These figures compare well with the calculated 
design. 
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FIGURE 8 — UNILATERALIZED POWER GAIN 
versus FREQUENCY 
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FIGURE 9 — 1 GHz AMPLIFIER 


COMMON BASE 
Ls eat a oO 


ba 
) 


ha 
(=) 


Law 
i=] 


Gy, REAL PART OF LOAD ADMITTANCE (mmhos) 
an 
Q 


500 700 1000 1500 
f, FREQUENCY (MHz) 
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*The actual value of optimum source resistance was empirically determined to be 352. Consequently this value was used for the input circuit 


design rather than 432. 
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COMMON BASE 
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Ic = 2.0-mA 
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FIGURE 13 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 15 — SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 17 — LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 19 — LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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GL, REAL PART OF LOAD ADMITTANCE (mmhos) Gr, TRANSDUCER GAIN (d8) Gs, REAL PART OF SOURCE ADMITTANCE ‘mmhos} 


Gs, REAL PART OF SOURCE ADMITTANCE (mmhos) 
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FIGURE 14 — SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 16 — TRANSDUCER GAIN 
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FIGURE 18 — LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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|y12v21| + Re (y12y21 
and calculating GL, for Gs = 25 mmhos (40 ohms) 


LOW NOISE DESIGN 


The procedure followed in designing this amplifier is to 


first calculate the optimum source resistance for optimum _ 
noise figure and then calculate the collector loading for a GL = 3.41 mmhos 
required value of k. The transducer gain can be calculated from these imped- 
A first approximation of optimum source resistance for ance levels: 
optimum noise figure is:2 
estan) = fe + cy = 48 Re fa al 
BF(opt) © K2°* | (via + Ys) (y22+ YL) -y12yai |? 
re = 
kp=rb + GT = 11.8 dB 
- 2 TABLE 1 
= + : ~ ; 
2=1b tre -\2 f=1GHz VcR=10V Ic=2mA 
1 + (Bo + »(£) Vib = 25 -j25 
k3 “Bore Yob = 0.55 +j7.54 


Yfb = —4.99 +)41 
Yrb = -0.01 -j1.19 


rb = 12.5 ohms . ; 
re = 13 ohms 


Assuming the above parameters for the 2N4957 are: 


Bo = 40 REFERENCES 
fab = 1600 MHz, 
.”. REF, opt) = 43 ohms 1. R. Hejhall, ““RF Small Signal Design Using Admittance 
rs Parameters”, Motorola Application Note AN-215A, 
The noise figure using this source resistance is available Motorola Semiconductor Products, Inc., Phoenix, Ari- 
from Nielsen’s equation:2 zona. 
5 2 2. E. G. Nielsen, “Behavior of Noise Figure in Junction 
NF=1+ a + rb + (Re + re + rb.) 1+(Bot (=) Transistors,” Proc. IRE, Vol. 45, p. 957, July 1957. 
_ 2Rg Rg 2 Bo Rg re fab 3. F. Assadourian and E. Rimai, ‘‘Simplified Theory of 


Microstrip Transmission Systems”, Proc. IRE, pp. 
Using the previous parameter values, 1651-1663. December 1953. 

NE =5 dB 4. M. Arditi, “Experimental Determination of the Prop- 

erties of Microstrip Components,” Electrical Com- 


Since the impedance level is different at the base, the munication, December 1953. 


collector loading must be re-designed. 
Using Stern’s stability equator for k = 4 (see Table 1): 
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GENERAL _ 
TECHNICAL INFORMATION CHAPTER 17 


Controlled=Q RF Technology= 
What It Means, How It’s Done 


The difficult transfer of high frequency energy from a signal 
source to the control element of an RF power transistor is efficiently 
achieved by a new design philosophy. Both monolithic and 
hy brid IC techniques are used to include a matching network 
in the transistor package and overcome this tough design problem. 


he insertion of a matching network into an RF 

. power transistor package has cured many evils 
encountered in high frequency circuit design. 
Devices using such an internal impedance match- 
ing network have been dubbed Controlled Q 
because that is exactly what the added package 
circuitry does — it gives the power transistor a 
consistent and highly controlled electrical quality 
(Q) factor. In a nutshell controlled Q increases 
guaranteed gains from previously available 4 dB 
to 5 or 6 dB in the 470 MHz region at 12.5 V. 
The controlled Q means that these devices are 
easier to match into circuit networks, and offer 
better consistency of high frequency parameters 
than other, non-controlled Q RF power devices. 


TRANSISTOR 


MOS CHIP 


CAPACITOR COLLECTOR 


CONNECTION 


CONNECTION 


EMITTER 
GROUNDED 


FIGURE 1 — Each base region has an internal 
matching network included in the CQ package. 


The Old and the New 


There are no panaceas for the complexities of 
broadband RF circuit design. With or without 
controlled Q, circuit networks must be designed 
to impedance-match the different stages. Gain 
and power output has to be optimized for the par- 
ticular application, while maintaining a specified 
overall circuit bandwidth. 

With older RF power devices, such as the 
2N6136, a complete interstage matching network 
had to be provided using discrete passive compo- 
nents external to the transistor package. Not 
only did the circuit take up a lot of space, but 
its overall series component reactance limited 
design capability — especially in bandwidth. In 
addition, parasitic elements caused by the extra 
components, and package geometries interfered 
with establishing a solid signal ground. 

With newer controlled Q devices, “inside-the- 
package” construction of some of the network 
matching elements brings the network closer to 
the active transistor die. Not only does this elim- 
inate the number of required external compo- 
nents, but it also means that a small amount of 
capacitance can minimize the imaginary part of 
the input impedance for maximum bandwidth. 
Internal construction techniques help establish 
a better signal ground by removing most 
parasitic reactance. | 


A Closer Look 


Controlled Q transistors use both monolithic 
and hybrid techniques in their construction. The 
active transistor die is fabricated using monolithic 
integrated circuit methods. A small MOS chip 
capacitor is wire bonded to the active transistor 
die thus incorporating hybrid technology. The 
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resulting total transistor package can be thought 
of as an active transmission line element for high 
frequency (to 500 MHz) amplifier design. Figure 
1 shows a portion of the device circuit. 

To meet the high power handling require- 
ments the controlled Q transistors are specially 
constructed with each of its multiple emitters 
having its own ballast resistor. These nichrome 
(NiCr) resistors, shown in the close-up of Figure 
2, have different resistance values to compensate 
for thermal differences of various portions of the 
transistor chip. This prevents overloading of some 
emitters due to temperature difference. This Iso- 
thermal* resistor design technique assures 
balanced current distribution throughout the 
transistor for more consistent operation at various 
power levels. 

Emitter inductance and its undesirable gain 
reducing negative feedback are minimized in con- 
trolled Q devices, by establishing a solid ground 
for the transistor emitters. This is accomplished 
by using the lead frame to extend the ground 
plane completely around the device. Emitter 
wires are then attached to this ground plane. Such 
an emitter bonding technique has been shown to 
contribute more than 50% of the gain increase 
of a controlled Q device in the 470 MHz region. 
Its total gain of 5.22 dB is significantly higher 
than a non-CQ device of the same 25 W version 
that gives around 4.0 dB gain. 

Controlled Q transistors also have bonding 
wires extending from each transistor base region 
to the MOS capacitor chip and then out to the 
package base lead. These bonding wires and the 


MOS capacitor interconnect one half of an input 


impedance matching network as in Figure 3. 


*Trademark of Motorola Inc. 


FIGURE 2— A close-up view of the emitter ballasting resistors. 
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EXTERNAL COMPONENTS CO PACKAGE 


FIGURE 3 — Part of the transmission network inductance and 
capacitance is provided in CO. transistor packages. 


Controlled Q production methods not only 
increase device yield, but also allow all final fac- 
tory testing to be done in fixed-tuned test equip- 
ment. This means ease of final test for the 
semiconductor manufacturer, but more impor- 
tantly, insures the consistency of controlled Q 
transistors from device to device. To the RF 
equipment manufacturer, this means that once 
a piece of communications gear has been designed, 
controlled Q devices can be dropped into amplifier 
modules with a minimum of circuit adjustment 
and tuning. 

What’s Available 


Motorola’s MRF series of high frequency 
power devices are available in stripline opposed 
emitter packages which offer excellent thermal 
characteristics along with controlled Q operation. 
Available in both 12.5 V and 28 V devices, these 
transistors listed in Table I are capable of oper- 
ating at frequencies to 900 MHz with power out- 
puts to 50 watts. 


TABLE | — Controlled Q 
RF Power Transistors 


Operation Output 
Device Voltage Power Frequency Comment 


MFR243 12.5V 60 W For VHF Large 
MRF 245 . 80 W Signal Application 


MRF 316 28 V 80 W For VHF MIL 
MRF317 100 W Aircraft and Mobile 
Operation 


MRFG41 15 W For UHF 


to512MHz FM Mobile 
Applications 


to 175 MHz 


to 200 MHz 


MRF644 25W 
MRF646 40W 
MRF648 60 W 


MRF321 10W . 
MRF323 20 W 
MRF325 30W 
MRF326 40W 
2N6439 60 W 
MRF327 80 W 


MRF840 7W 


MRF842 20 W For 900 MHz 
MRF844* 30 W to 900 MHz sand Mobile 
MRF846* 40W 


“To Be Introduced 


For 225-400 MHz 
to 500 MHz Aircraft and 
Mobile Operation 


SS) MOTOROLA Semiconductor Products inc. 
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A Metallization System for UHF and Microwave Power Transistors 


ALUMINUM METALLIZATION 


The limitations of aluminum metallization were noted in 
some early integrated circuits where narrow interconnect 
patterns and high device densities pushed the current 
densities to an intolerable level. Subsequent studies by 
J.R. Black (Motorola SRDL) and others defined exactly 
what the limitations of aluminum are and what might be 
expected of some other materials as well. 


The failure rate over temperature for aluminum at a 
current density of 3 X 10° A/cm2 is shown in Figure 1. 


FAILURE RATE (MTBF) VS. TEMPERATURE 
FOR ALUMINUM AT A CURRENT DENSITY OF | 
3 x 105 AMPS/CM2 


FIGURE 1 


In some early designs it was not uncommon to encounter 
this density level, and as can be seen from the graph, for 
fine-grain aluminum, at 200°C the mean time before 
failure (MTBF) is less than 900 hours! To some, the 
200°C level might seem somewhat extreme but conserva- 
tive design is an absolute necessity for high reliability in 
the high-frequency power area. Figure 2 gives the MTBF 


vs. current at 200°C for a conductor stripe 12.7u wide 
by ly thick. Given the desired operating current level it 
is quite simple to calculate the MTBF. 


STRIPE MTBF IN HOURS vs. 
CURRENT IN MILLIAMPS 
12.7-4 WIDE BY 1-1 THICK, 
TEMPERATURE = 200°C 
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FIGURE 2 
It should be noted here that the source of these curves 
and of most of the MTBF numbers quoted here and 
elsewhere in the industry are from tests on carefully 
controlled test vehicles consisting of dog-bone resistor 
patterns, or, in some cases, from theoretical calculations 
based on the activation energy of the material involved. 


The familiar metal migration or electromigration of the 
conductor also has some secondary effects. At the point 
where silicon and aluminum are in contact, silicon is 
removed and replaced by aluminum. The SEM photo, 
Figure 3, shows the ‘“etch-pit” formation that. results. 


FIGURE 3 
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This phenomenon seems to occur much more rapidly 
along the silicon/silicon dioxide interfaces. In RF power 
devices this can ultimately lead to emitter-base shorts if 
the device is operated at elevated power and/or temper- 
ature for extended periods. The use of a “barrier” metal 
or layer between the aluminum and silicon has proved to 
be a workable solution. 


STEP COVERAGE OF 1.2 MICRONS 
OF Al OVER 0.75 MICRON TAPERED OXIDE STEP 


FIGURE 4 


Another potential reliability problem that is more related 
to deposition methods than to the materials is step cover- 
age of aluminum films over the SiO. Figure 4 shows the 
ideal case but in fact the extremes range from the ideally 
tapered (A), to the sharply under-cut (B) shown in 
Figure S. 


SCHEMATIC DIAGRAM OF TWO TYPES OF STEPS 
THAT OCCUR IN DEVICE FABRICATION 


FIGURE 5 


With the sharply under-cut condition a microcrack in the 
metallization can form. This microcrack is represented 
in Figure 6. The microcrack is nearly impossible to 
detect with a normal microscope. 


SCHEMATIC CROSS SECTION SHOWING MICROCRACK 
IN DEPOSITED METAL FILM 


== METAL -- 


FIGURE 6 


OTHER METALLIZATION SYSTEMS 


A replacement for the aluminum contact system we have 
used successfully for a long time, a system which is out- 
moded only on “state-of-the-art” semiconductor devices, 
must be approached with great care. The change of 
contact metals may well approach in significance and 
difficulty the switch from silicon mesa to the silicon 
planar technology. It is important that the change be 


carried out in a disciplined and ordered fashion. Dick 
Wilson, Lou Terry, and others at Motorola have con- 
sidered a variety of metal systems and tested them for 
performance. Considerations for any new metallization 
system are shown in Table I. 


The material should have a high conductivity 
(9 <10u ohm-cm). 


tt should have good adhesion to both the semiconductor 
material and to thermaily grown or deposited dietectric 
films. 


The metal or metals should be free from degrading inter- 
metallic compounds not only between meta! films but 


between the metal and the semiconductor. 


Should make a good low ohmic contact to both P- and 
N-type silicon. 


Amenable to practical production methods of deposition 
and delineation. 


Resistant to current induced electromigration. 
Resistant to electrochemical corrosion. 


The deposition of the metal or metals must not introduce 
surface instabilities in the semiconductor material. 


The metallization system must be compatible with LSI 
arrays involving multilayer interconnection processing. 


TABLE |! 


Only the first four or five materials in Table II can be 
seriously considered for UHF and microwave power de- 
vices due to the necessity of keeping resistive losses as 
low as possible for a given pattern configuration. Silver 
can be eliminated due to the tendency to oxidize in 
normal environments. Copper can be eliminated for 
similar reasons. We don’t know much about beryllium 
from a processability standpoint, except for the toxicity 
of its oxides. At any rate, this material is a little high in 
resistivity. Discounting Al, since it is the one we wish to 
replace, we are left with gold. 


Resistance of 
Ohms A 10-Mil-Long 
Per/Square for Conductor 
6000 A — Thick 2-Microns 
Film Wide X 6000 A 
Thick 


Volume 
Resistivity 
in 
Micro-ohm 
Centimeters 


3.4 (ohms) 
5.8 (ohms) 
5.2 
3.6 
6.9 
1141 
9.1 
17.1 
16.5 
22.5 
10.5 
9.9 
11.2 


TABLE tl 
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ELECTROCHEMICAL CORROSION TEST RESULTS 


METAL. TYPE OF FAILURE REMARKS 


AL ALL CONTACTS OPEN (-) TERMINAL SOMEWHAT 
FASTER 


Au DEPLATES (+) 
Au wIRE BOND OPENED 


T1-Pr-Au RESISTANCE INCREASE 

Tr-Pr SLIGHT RESISTANCE 
CHANGE 

Ty-RH SLIGHT RESISTANCE Au WIRE BOND OPENED 


CHANGE 
Open (CR) 


Cr eRoM UNDER Ac-Au. 
EVEN WITH GLASS OR 
S13Ny OVERCOAT 


Cr-Ac-Au 


T1-Ac LarGe RESISTANCE NG CORRODES BUT NOT 
INCREASE REMOVED 


He -Au RESISTANCE INCREASE : Au pepcates (+) 
Ti -Ac-Au 
T1-Mo-Au 
T1-Au RESISTANCE INCREASE : Au DEPLATES (+) 


Mo-Au Open (Mo) . Mo Fram UNDER Au. EVEN 
WITH GLASS OVERCOAT 


RESISTANCE INCREASE . Ay DEPLATING (+) 
Npen (mo) . Mo FROM BETWEEN T1 & AU 


Cr- Au Oren (CR) CR FROM UNDER fu 


W-Au RESISTANCE INCREASE W REMOVED SAME RATE 
Ay 
Zr~-Au RESISTANCE INCREASE DEPLATES (+) 
Ne- Au RESISTANCE INCREASE DEPLATES (+) 
Ta-Au RESISTANCE INCREASE DEPLATES (+) 
N1-Au RESISTANCE INCREASE DEPLATES (+) 
Co-Au RESISTANCE INCREASE DEPLATES (+) 
V-Au Open (V) V removep (+) FROM 


UNDER Au 


TABLE III 

The test which was used to generate the data shown ‘in 
Table III was performed in a 95°C, 95% relative humidity 
environment. The test structure consisted of two parallel 
dogbones on SiO> coated silicon, the first biased posi- 
tively relative to the second. The results are of course 
relative. We will note three of the materials listed. 
Aluminum performed unacceptably on this test. Both 
Ti-Pt-Au (the Bell Process) and W-Au performed satis- 
factorily. The only difficulty with the Bell Process is the 
inability to define the very tight lines and spaces of some 
microwave and UHF transistor designs. 


Metal Silicon Contact Resistance in Ohms, 
Area 1074 em—2 


Resistivity Metals 
(ohm-cm) 
and Type 


(R) Indicates rectifving contact identified by the relation 


TABLE IV 


Contact resistances of various material to the range of 
resistivities of both N- and P-type silicon are shown in 
Table IV. Note that gold is missing—it alloys with silicon 
at unacceptably low temperatures and cannot be con- 


sidered as the contact material. The significant tact is 
that Pt-Si in conjunction with any metal is as good as or 
better than any material on the chart, with the exception 
of two points on Ti. Pt-Si has an additional advantage in 
that the formation of the silicide can be checked visually 
prior to proceeding with further processing. 


Looking again at the MTBF due to electromigration in- 
duced failures as shown in Figure 1, it should be noted 
that with gold no significant problem exists until much 
higher current densities than those now imposed are 
encountered. 


At 3 X 10° A/cm2, and 200°C the MTBF due to 
electromigration of gold is 1000 years, while under the 
same conditions—using fine-grain aluminum the MTBF 
is © 800 hours. 


Wilson and Terry using the knowledge of materials 
gained in these and other tests, developed a structure 
consisting of platinum silicide used to make contact 
to the silicon, titanium for adhesion to SiOz and Si, 
tungsten to act as a barrier against gold alloying with the 
silicon, and gold to act as the main conductor material. 
The gold pattern was to be defined by sputter-etching - 
using molybdenum as a sacrifical mask. 


After careful consideration, RF-diode sputtering rather 
than DC was chosen as the deposition technique to be 
used in a production process. See Table V. 


' ADVANTAGES DISADVANTAGES i 


Simple Two Element Construction 1. High Voltage And Consequently 
Available From Many Manufacturers Energic Particles, Produces 

Easy To Introduce Substrate Bias Substrate Damage 

And Heating 2. Large Targets Needed For 


PF WNH 


Optimum Conditions For Good Step Large Capacity 
Coverage — (Source-High Gas Pressure) 3. Difficulty In Bonding Large 
5. RF Systems Deposit From Insulating Targets 


As Well As Conducting Target 
Materials 


4. Considerable Substrate Heating 
From Bombardment 

5. Film Properties May Be Affected 

By Gas Occlusion 


TABLE V 


Figure 7 shows the Ti, W, Au structure covering what 
can only be described as a worst case step condition. If 
there is a micro-crack there, it is not apparent in this view. 


SEM MICROGRAPH OF STEP COVERAGE OF Ti-W-Au SPUTTERED 
FILM OVER UNDERCUT POLYSILICON STEP 


FIGURE 7 


The procurement of a production-worthy sputtering 
system for implementation of this metallization required 
a large amount of study. 


The Pt-Si machine incorporates a heated anode for in situ 
formation of the silicide. The system is automatically 
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tuned, has auto pressure control, and has provisions for 
sputter etch and bias sputter. The pallets are loaded in 
the machine by use of the “intervac’’ pallet injection 
system. 


The 4-target turret head machine is used to deposit Ti, 
W, Au, Mo in sequence. This system uses a water-cooled 
anode, auto tune, auto pressure, and the intervac pallet 
injection system. The machine also has provisions for 
sputter etch and bias sputter. 


The sputter etch machine is used to define the gold 
contact pattern. Auto tuning is incorporated along with 
automatic vacuum system control. 


FIGURE 8 | 


Results achieved with this system are shown in Figures 8 
and 9, representing a low-voltage, 35-W, 470-MHz power 
transistor normally utilized in land-based mobile com- 
munications applications. 


The process demonstrated is now ready for full pro- 
duction utilization. Life testing on devices fabricated 
in this system have produced zero failures (1 000,000 
current cycles/device). 
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The Common Emitter 


TO-39 And Its Advantages 


The common emitter TO-39 package is one of Motorola’s 
latest innovations in low-cost rf packages. It differs from 
conventional TO-39’s or TO-5’s in that the emitter, not 
the collector, is connected to the metal case. To achieve 
this, a BeO insulating block metallized on top and bot- 
tom is brazed to the can bottom and the transistor chip 
brazed to the BeO insulator. Wires are then bonded from 
the chip and insulator block to the terminals and the can 
bottom as shown in the photo. With NPN transistors, 
this configuration permits direct connection of the can 
to rf and negative dc ground for many class B and C 
circuits. 
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Two important advantages can be derived from the 
common emitter TO-39: By connecting the case to the 
rf circuit ground, emitter inductance is reduced and gain 
increased by 3 to 5 dB over that of comparable, conven- 
tionally wired transistors. And the case may be directly 
pressed, clipped, or soldered to the heat sink with no 
effect on rf performance. This feature may eliminate the 
need for the heat radiating “coolers” because soldering 
the transistor bottom to the circuit, typically a PC 
board, improves dissipation by removing heat through 
the thick metal base rather than the thin can. 
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All JEDEC dimensions and notes apply. 


CASE 79-03 
TO-39 


ISSUE “H" (4-24-74) 


For example, the MRF227 was mounted in this manner 
and a @i, of 15°C/W was measured using a Barnes RM-2A 
Infrared Microscope. Compared to an MRF607. in a 
conventional package operating under identical condi- 
tions, this is greater than a 2:1 reduction in thermal 
resistance. And as side benefits, the lower 6;, also re- 
duces power slump and improves reliability. 


In many mobile radios CE-TO39 devices can replace stud 
or flange mounted stripline parts used for 1- to 4-watt 
drivers. This conversion should normally offer a signifi- 
cant savings in the cost of parts as well as the costs of 
mounting hardware and labor. 


SEATING 
PLANE 


STYLE 5 
PIN 1. COLLECTOR 
PIN 2. BASE | 
PIN 3. EMITTER 


The designer of compact handheld radio equipment will 
find the CE-TO39 offers a real advantage from the elimi- 
nation of interstage RFI or coupling because the can is 
at rf ground. Stability is usually improved and the higher 
available gain may reduce the number of transmitter 
stages. Simplified and improved cooling may also be 
obtained by connecting the can directly to the radio 
housing or chassis. 


To sum it up: The emitter-to-can wired TO-39 known 
as the CE-TO39 offers the designer significant improve- 
ments in both gain and thermal performance. Because of 
its price, compared to SOE and TO-60 packages, the 
designer can use the CE-TO39 to reduce costs. And he 
can make his design easier to assemble with no loss in 
rf performance. 
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Amplifier Gains 10 dB Over Nine Octaves 


By: 


Mike Hadley 


The introduction of Motorola encapsulated transistors 
fabricated with ion-implanted arsenic emitters has made 
a reality of economical small-signal amplifiers with band- 
widths exceeding 1 GHz. The recently developed 
MRF901, an example of this technology, has an fr ex- 
ceeding 4.5 GHz, and a maximum noise figure at 1 GHz 
of 2.5 dB. The device package (case 302) employs the 
Motorola dual emitter bonding concept to minimize 
parasitic inductance and enhance high-frequency 
performance. 


Using the MRF901, an amplifier has been developed 
which exhibits a nominal gain of 10 dB over-nine 
octaves of bandwidth. The circuit design is a class A 
amplifier employing both ac and dc feedback. Bias is 
stabilized at 15 mA of collector current using dc feed- 
back from the collector. The ac feedback from collector 
to base, and in each of the partially bypassed emitter 
circuits, compensates for the increase in device gain with 
decreasing frequency, yielding a flat response over a 
maximum bandwidth. Transistor S parameters, as pro- 
vided by the MRF901 data sheet, and computer-aided 
circuit optimization techniques were used to choose 
component values for gain flatness, input VSWR and 
output VSWR. The described performance was achieved 
using common high-frequency amplifier construction 
techniques and a standard printed circuit board substrate. 
Even better results could be expected from the use of 
today’s hybrid circuit technology. 
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Evaluation of the amplifier shows a nominal 10 dB power 
gain from 3 MHz to 1.4 GHz. With only a minimum 
matching network used at the amplifier input, the input 
VSWR remains less than 2.5:1 to approximately 1 GHz 
while the output VSWR stays under 2:1 to approximately 
1.4 GHz (figure 2). If input impedance matching were of 
prime consideration, connecting a 2.1 pF capacitor from 
the junction of C1 and Z1 to ground (C6 in figure 1) 
would hold input VSWR below 2.2:1 over the complete 
frequency range (figure 3). Note that a slight degrada- 
tion in gain flatness and output VSWR occurs with the 
addition of C6. A more elaborate network design would 
probably optimize impedance matching while maintain- 
ing gain flatness. - 


The amplifier was built on a glass Teflon® printed circuit 
board 1.8” x 1.2". A 2:1 reproduction of the circuit pat- 
tern is provided in figure 4. The type OSM215 50-ohm 
input and output connectors were mounted opposite the 
component side to facilitate laboratory measurements. 
Board size could be reduced. to approximately half by 
reducing the ground plane around the circuit perimeter. 
A combination of chip capacitors, chip resistors and 
standard carbon resistors were used to obtain maximum 
performance at minimum cost. 


Extra care was taken to keep all component lead lengths 
to an absolute minimum and to provide a good ground 
plane. In the interest of maintaining a good ground, 
copper foil was soldered at the board edges to connect 
the top and bottom circuit grounds, and an eyelet was 
inserted near each emitter lead. 


Figure 1. 
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C1—C3— 2200 pF chip capacitor 


Z3 — 0.3" x 0.125" 
C4, C5— 6.5 pF chip capacitor 
C6 — Optional 2.1 pF chip capacitor resistor 
21 — 0.3" x 0.125” microstrip line R2— 4.3 kQ carbon 


Z2 — 0.15” x 0.125" microstrip tine 
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Figure 4. Amplifier PCB Artwork 


Scale 2:1 


R3— 680 (2 carbon resistor 


Schematic Diagram 


2. Ri R4 


+15 Vdc 


C3 
Ss 50 22 


c4 R6 ~ocd 


microstrip line R4 — 560 22 carbon resistor 


R1— 200 22, 1/8’ W, +5% carbon R5, R6 — 15 22 45% chip resistor 


Substrate — 1 oz. copper, double-sided glass Teflon® - 
resistor board 0.0625" thick, €, ~ 2.5 
® Registered trademark of DuPont 


Figure 3. 
Gain and VSWR vs Frequency with Matching Capacitor C6 
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MOUNTING STRIPLINE-OPPOSED-EMITTER 
(SOE) TRANSISTORS 


INTRODUCTION 


The Stripline Opposed Emitter (SOE) package presently 
used by Motorola for a number of rf power transistors 
represents a major advancement in high frequency and 
thermal performance. This Application Note discusses the 
SOE package, it advantages and limitations as well as a 
number of considerations to avoid improper usage. 

An understanding of a few basic principles in regard to 
mounting and heat-sinking of this package can help avoid 
cases of poor performance or device damage. 

Two general package types — the stud-mounted and 
flange-mounted SOE packages will be discussed. Each of 
the general types is available in a variety of sizes. Typical 
package outlines of the two SOE packages are shown in 
Figure 1. 


ADVANTAGES OF THE SOE PACKAGE 


The primary electrical advantages of the SOE packages 
are the low inductance strip line leads which interface very 
well with the microstrip lines often used in UHF-VHF 
equipment and the good collector to base isolation provided 
by the two emitter leads. The two emitter concept pro- 
motes symmetry in board layout when combining devices 
to obtain higher output power. Both emitter leads should 
always be used for best performance. 


DESCRIPTION OF THE SOE PACKAGE 


Figure 2 displays the component parts on a stud- 
mounted SOE package. This package will be used as an 


example since both the stud and flange-mounted packages 
are very similar in construction. The body of the package 
isa Berylium Oxide (BeO) disc. Berylium Oxide was chosen 
due to its high thermal conductivity. Attached to the 
bottom of the disc is a copper stud which is for heat transfer 
and mechanical mounting. The lead frame is attached to 
a metalized pattern on to the top surface of the BeO disc. 
The actual shape of the leads differs between the various 
package types. Finally an Alumina ceramic cap is attached 
to the top of the disc over the leads providing a protective 
cover for the transistor die. 

An understanding of the basic structure of the SOE 
package is essential to proper usage of these devices in 
respect to heat-sinking and mechanical mounting. Since 
these two areas present the greatest problem to users, they 
will be discussed in detail. 


HEAT-SINKING THE SOE PACKAGE 


In order to properly understand the thermal considera- 
tions involved in mounting SOE type packages, it is neces- 
sary to lay some groundwork in the area of heat flow. 
Table I gives equivalent Thermal and Electrical parameters 
which may be used to relate Thermal properties to more 


familiar electrical units. 
Semiconductor power devices are usually guaranteed to 


have a certain thermal performance as stated by the thermal 
resistance of the device from the junction to the case, or 
mounting surface — 6jc. How to get the heat out of the 


FIGURE 1 — SOE Packages 
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FIGURE 2 — Component Parts of SOE Package 


case has generally been left to the user. In any dynamic 
heat flow problem, the heat must go somewhere, other- 
wise there will be a continuous rise in the temperature of 
the system. In text books, there always seems to be an 
“infinite heat sink” available which can absorb any amount 
of heat with no temperature rise whatsoever. In the 
practical sense, however, such a heat sink does not really 
exist. Practical heat sinks must be characterized by a cer- 
tain temperature rise for a given ambient condition, with 
a known amount of heat input (power to be dissipated) 
after equilibrium conditions have been achieved. Charac- 
terization of heat-sink systems is best achieved by exam- 
ining the complete system under controlled conditions. 


TABLE | — Thermal Parameters and Their Electrical Analogs 


Temperature 
difference 
Heat flow 
Thermal 
resistance 


Heat capacity 


Quantity of 
heat 
Thermal time 
constant 
*Note the one major difference in thermal and electrical units; Q 
is in units of energy, whereas q is simply a charge. Hence His in 


units of power and may be equated to an electrical power dissipa- 
tion, 
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For example, the normal environment for a land-mobile 
VHF transmitter might be the trunk of a taxi cab in the 
hot Arizona summer. In such an environment, temperatures 
might reach as high as 80°C (176°F). The heat-sink 
system for such a radio should therefore be tested at a 
minimum ambient temperature of 80°C. The method 
that should be applied in this test would utilize a fine 
wire thermocouple rigidly secured to the stud of the rf 
power transistor for which the test is being conducted. 
The system, which in this case would include all parts of 
the radio which would contribute heat, should then be 
operated under maximum heat generating conditions, in 
the high temperature environment specified. Careful meas- 
urement of the temperature of the device under test would 
then give the difference in temperature between the case 
of the transistor and the controlled ambient. 

If the case and ambient temperatures are known, as well 
as the power levels in the transistor, the thermal resistance 
from the transistor case to the ambient can be calculated. 
The first step is to obtain the power being dissipated by 
the device. 


Pg =P} + Po - P3 (1) 


where: Pg = power being dissipated by the transistor 
in watts; 


P1 = dc power into the transistor in watts; 
P9 = rf power into the transistor in watts; 


P3 = rf power out of the transistor in watts. 


¥ 


This value of Pg is used to obtain the 0CA value from 
the equation: 


(2) 


where: OCA = thermal resistance device case to 


ambient; 
Tc = device case temperature; 


Ta = ambient temperature. 


In order to determine the maximum temperature rise 
in the transistor element (junction temperature rise) under 
any given operating condition the following equation may 
be used. 


Tj = @jct+9ca)Pat+Ta (3) 


where: Tj = junction temperature, 


6yc = published thermal resistance — 
junction to case. 


If power is dissipated in a power transistor, the case 
temperature will rise above the ambient temperature by 
an amount determined by @jc and 8cA. Since the value 
to 0jc is fixed by the transistor type being used, 9CA is 
the only factor with which the user can control the junction 
temperature for a given power dissipation. | 


Since heat generated by the transistor must be radiated 
to the ambient by the heat sink, a low 6CA requires an 
effective heat sink. In general, an efficient heat sink 
requires that material with high thermal conductivity and 
high specific heat be used. A table of thermal properties 
for various materials is given in the Appendix. A well- 
designed heat sink requires that all thermal paths be as 
short as possible and of maximum cross-sectional area. 
Examples of thermal resistance calculations for a bar and 


a flat disc of thermal conducting material are given in the 


Appendix. 

The equations given in the Appendix however, assume 
no thermal resistance between the case and the heat sink. 

The primary heat conducting surface on stud-mounted 
SOE packages is the flat metal surface between the actual 
stud and BeO case body labeled surface S in Figure 2. This 
surface, which has a D-flat on some case types, must make 
good contact with the heat sink to allow good thermal 
conduction. To insure good contact: a) the heat sink 
mounting surface must be flat, b) the mounting hole must 
be burr free, the proper size and perpendicular to the mount- 
ing surface, c) the proper sized nut should be used and d) 
the nut should be properly torqued. Recommended mount- 
ing hardware is given in the section on device mounting. 

With flange-mounted devices the primary parameters 
affecting thermal transfer are the flatness of the heat sink 
surface and the flatness of the device flange. The flange- 
mounted package requires that good contact be made be- 
tween the flange and the heat-sink surface, particularly 
directly beneath the BeO disc. 

With either of these packages it has been found that a 
considerable improvement in thermal transfer can be 
achieved through the proper use of one of the silicone 
based “‘heat-sink compounds” which are marketed by 
several vendors. Dow Corning and Wakefield Engineering 
are both suppliers of good thermal compounds. It should 
be pointed out however, that these compounds have a 
thermal conductivity approximately equal to that of Mica 
(0.0018 Cal/Sec-cm-°C) which is poor compared to that 
of Aluminum (0.49 Cal/Sec-cm-°C). However by comapr- 
ison, the thermal conductivity of still air is approximately 
0.000006 Cal/Sec-cm-°C). The quantity of silicone grease 
used must be kept to the absolute minimum required to 
fill in any air gaps which might occur between the tran- 
sistor mounting surface and the heat-sink surface. In the 
case of the stud-mounted package this is the gap after the 
transistor has been secured with the proper stud torque. 
Contributions of as high as 0.5°C/watt to the overall 
thermal resistance can occur if the heat-sink compound is 
used in a sloppy and excessive manner. 


MOUNTING SOE DEVICES 


The second area demanding consideration by a user of 
SOE transistors is mechanical mounting. Failure to observe 


proper mounting procedures can result in device destruc- 


tion. This section will discuss both the stud-mounted, and 
the flange-mounted SOE devices. | 
Seven general considerations for properly mounting 
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SOE transistors are listed briefly below. More detailed 
discussion will follow. 


A. The device should never be mounted in such a 
manner as to place ceramic to metal joints in tension. 


B. The device should never be mounted in such a 
manner as to apply force on the strip leads in a vertical 
direction towards the cap. 


C. When the device is mounted in a printed circuit 
board with the copper (stud or flange) and BeO portion 
of the header passing through a hole in the circuit board, 
adequate clearance must be provided for the BeO to pre- 
vent shear forces from being applied to the leads. | 


D. Some clearance must be allowed between the 
leads and the circuit board when the device is properly 
secured to the heat sink. 


E. The device should be properly secured into the 
heat sinks before the device leads are attached (soldered) 
into the circuit. 


F. The leads must not be used to prevent device rota- 
tion on stud type devices during stud torque application. 
A wrench flat is provided for this purpose. 


G. With stud packages, maximum stud torque, as 
stated later in this note, and on the respective device data 
sheets must not be exceeded. If repeated assembly/dis- 
assembly operation is expected, a lesser torque should 
be used. 


Most of the considerations listed above are designed to 
prevent tension at the metal-ceramic interfaces on the 
SOE package. Improper mechanical design can lead to 
application of stresses to these joints resulting in device 
destruction. Three joints are considered: The cap to the 
BeO disc, the leads to the disc, and the stud or flange 
to the disc. 

The joint between the ceramic cap and the BeO ceramic 
disc is composed of a material which loses strength above 
175°C. While the strength of the material returns upon 
cooling, any force applied to the cap at high temperature 
may result in failure of the cap to ceramic joint. 

The lead frame and stud or flange attachment will be 
grouped together since they are very similar. Although 
the SOE package used by Motorola makes use of high 
temperature (> 700°C) solder alloys for lead frame and 
flange or stud attachment, care should be taken to avoid 
the application of tensile forces to the joint in the mount- 
ing of the transistor into a system. Such forces could 
result if the device were mounted with improper mounting 
clearances. 


MOUNTING THE STUD TYPE SOE TRANSISTOR 


Figure 3 shows a cross-section of a printed circuit board 
and heat sink assembly for mounting a stud type SOE 
device. Let us define Has the distance from the top surface 
of the printed circuit board to the D-flat heat sink surface. 
If H is less than the minimum distance from the bottom 
of the lead material to the mounting surface of the SOE 


Printed 
Conductor 
Pattern 


SIDE VIEW 
CROSS SECTION 


FIGURE 3 — Typical Stud-Mounting Method 


package, there is no possibility of tensile forces in the 
copper stud — BeO ceramic joint. If, however, H is 
greater than the package dimension, considerable force is 
applied to the cap to BeO joint and the BeO to stud joint. 
Two occurances are possible at this point. The first is a 
cap joint failure when the structure is heated, as might 
occur during the lead soldering operation; while the second 
is BeO to stud failure if the force generated is high enough. 
Lack of contact between the device and the heat sink sur- 
face will occur as the difference between H and the package 
dimension becomes larger, this may result in device failure 
as power is applied. 

Proper stud torque is an important consideration when 
mounting stud type SOE devices.* The stud section of the 
SOE package is composed of a special copper alloy chosen 
because of its high thermal conductivity. However when 
this material is used in studded semiconductor device pack- 
ages, it is necessary to place severe restrictions on the 
amount of tightening torque which can be applied to a nut 
used to secure the device to a heat sink. 


*The Motorola Outline Dictionary calls for Class 2A threads. The 
National Bureau of Standards Handbook H28 entitled Screw Thread 
Standards, paragraph 4.2 on page 2.17, reads in part as follows: 


“However, for threads with additive finish, the max- 
imum diameters of Class 2A threads may be exceeded 
by the amount of the allowance; ie., the 2A maxi- 
mum diameters apply to an unplated part or to a 
part before plating whereas the basic diameters (the 
2A maximum diameter plus allowance) apply to a 
part after plating.” 


Also, footnote b, page 2.37 reads: 


“For Class 2A threads having an additive finish, the 
maximum is increased to the basic size, the value 
being the same as for Class 3A.” 


This means that for plated parts, the no-go gauge used is the 2A 
minimum and the go gauge used is the 2A maximum plus the allow- 
ance or, in other words, the 3A maximum. 


The recommended torque values are listed below for 
the two thread sizes presently being employed on Motorola 
rf power transistor packages. 

Recommended maximum torque for stud SOE tran- 
sistors follows: 


8 - 32 10 - 32 
Threads Threads _| 
6.5 lb.-in 11.0 Ib.-in. 


5.0 }b.-in. | 8.5 Ib.-in. 


An evaluation of the effects of measured torque on the 
studs under consideration requires a known set of condi- 
tions. The system used to generate the data shown in 
Figure 4 consisted of a 1/8 inch aluminum plate with a 
deburred clearance hole for the stud under test, a steel 
washer to be positioned between the plate and appropriate 
steel nut. A calibrated torque wrench was used as the 
driving means. On each unit under test, the spacing sepa- 
rating four threads positioned between the nut and heat- 
sink surface was measured. After mounting the device on 
the aluminum plateand applying a known amount of torque 
the spacing was again measured and the results recorded. 

The results of this test show that up to the maximum 
torque specified, the permanent elongation of the threads 
increases linearly with applied torque. At the torque speci- 
fied this elongation does not exceed acceptable limits. 


MOUNTING THE FLANGE TYPE SOE TRANSISTOR 


The mounting and heat sinking of the flange type 
package is similar to that of the stud type package. The 
main considerations with the flange package are avoiding 
tensile stresses at the metal-ceramic joints and providing a 
flat heat conducting surface beneath the flange. 

Figure 5 shows a typical mounting technique for flange 
type SOE rf power transistors. Again H is defined as the 
distance from the top of the printed circuit board to the 
heat-sink surface. If distance H is less than the minimum 
distance from the bottom of transistor lead to the bottom 
surface of the flange, tensile forces at the various joints in 
the package are avoided. However, if distance H exceeds 
the package dimension, problems similar to those discussed 
for the stud type devices can occur. Because of the ability 
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FIGURE 4 — Permanent Elongation Over a Four Tooth Length 
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FIGURE 5 — Flange Type SOE Transistor Mounting Method 


of the copper flange to bend under the types of loads en- 
countered when the mounting screws are tightened, per- 
manent deformation of the flange may result. Corrective 
action after the flange has been bent will not necessarily 
insure proper thermal contact with the heat sink. 

The flange surface as supplied with Motorola SOE tran- 
sistors is either flat or slightly convex. It is important that 
the mating heat-sink surface also be flat or slightly convex 
to provide the best contact when the device is properly 
secured. 

The holes for the mounting screws should be deburred 
because any irregularity of the surface at these two points 
_is equivalent to concavity of the heat-sink surface which 
will degrade thermal contact between the transistor and 
the heat sink. 

Since the flange may be permanently deformed during 
mounting, the device should not be dismounted and re- 
mounted in another position. 


CONCLUSION 

The SOE package is an excellent rf power transistor 
package. However, improper heat sinking and mechanical 
mounting can result in device damage. A number of con- 
siderations have been presented to inform the potential 
user of the hazards of improper mounting. Proper usage 
of the SOE package requires no great difficulty if the de- 
signer is aware of the limitations and construction of 
the package. 

A list of recommended mounting hardware and a sug- 
gested mounting procedure follows: 


Table of Recommended Mounting Hardware Which Can be Supplied 
With Motorola Stud Type SOE Transistor 


Stud Motorola Part Numbers 


Thread 

| Size Flat Washer 
10-32 
[| 8-32 | 02BSB51568F042 | 04BSB51567F038 | 04BSB51566F030| 
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STEPS IN A PROPER MOUNTING PROCEDURE 


1. Compare the distance between the heat sink sur- 
face and the top of the printed circuit board with the 
minimum dimension of the transistor from the mounting 
surface to the bottom of the leads. The transistor dimen- 
sion, as stated on the device data sheet, should be the 
greater distance to avoid the chance of stresses on the 
various joints of the SOE package. 


2. Bore the proper sized mounting hole or holes for 
the stud or mounting screws. These holes should be per- 
pendicular to the heat sink surface and they should be 
properly deburred. 


3. Place a limited amount of thermal compound on 
the heat sink surface where it will contact the flange or 
mounting surface above the stud. Insert the transistor and 
mount with the proper hardware as suggested in the 
preceeding table. 

In the case of the stud device, torque the nut to 
the proper value. 


4. Solder the leads to the printed circuit board using 
the minimum amount of heat and the least possible time 
of application. The leads should be soldered as close to 
the package as possible to minimize series lead inductance. 


5S. With the unit exposed to the highest expected am- 
bient temperature, and power applied, measure the tem- 
perature at the stud or fiange surface with a thermocouple 
to insure that this temperature is not excessive. Before 
production quantities are commited, it is suggested that a 
sample assembly to be tested under worst case heat 
generating conditions. 


APPENDIX 


In order to aid in heat-sink design, a table of thermal 
properties of common materials and a pair of thermal 
conductivity examples are presented. 

Table AI gives three important thermal properties of 
common heat-sink materials. In order to evaluate materials 
for use in heat sinks these three thermal properties should 
be considered. 

Thermal conductivity is a measure of the ability of a 
material of known cross-sectional area to transfer heat a 
given distance in a given time with a given temperature 
difference. Generally metals are good thermal conductors. 


Specific heat is a measure of the amount of heat a given 
mass of material can accept for a given rise in temperature. 
The scale is normalized to the heat capacity of water 
(H20 = 1.0). 

Mass density is simply the mass per unit volume of a 
material. This parameter is important in heat sink design 
to the extent that large heat sinks of dense material carry 
with them a serious weight penalty. 


TABLE Al — Typical Therma! Properties of Materials 


| Thermal Specific 
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Material (cal/sec-cm-°C) (cal/gm-°C) (gm/cm°C) 
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Example I. 


In order to present some of the important character- 
istics to be used in heat sink design, the examination of 
two admittedly simplified models is desirable. The analogy 
between electrical resistivity and thermal resistivity will 
be employed. 

The first of these is shown in Figure Al. 


Surface B”’ 


Surface ‘A’ 


FIGURE Ai — A Bar of Thermal Conducting Material 


The electrical resistance from Surface A to Surface B 


of this bar of conductive material is: 
pL 


= Al 
| R= iw ey 
Using the electrical to thermal analogs: 
6 = meee = 47 A2 
~KhwsKA ue?) 


This simplified model might represent a pedestal mount 
or a device mount in the center of a bar connecting at 
either end to a housing, and demonstrates the need for 
thermally conducting paths of high cross-sectional area 
and the shortest possible length. 


47°17 


Example 2. 


The second simple model represents the mounting of 
the power device on a plate of conducting material which 
provides the conducting path to the ambient conditions. 

Consider the simple disc geometry shown in Figure A2 
as a donut-shaped sheet resistor. Equation A3 represents 
the electrical resistance between rl and r2, 


(A3) 


FIGURE A2 — Disc-Shaped Thermal Conductor 


using the first term of the appropriate power series 


expansion 
o (127% 
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TX 
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(A4) 


Where: p = Resistivity; 
a I 7 
p= ae 


o = Conductivity. 


Replacing the electrical terms with their thermal analogs 


we find: 
1 
oS K7x ( 


Note the inverse linear dependence of thermal resistance 
on the thickness of the conducting sheet. 

This model demonstrates a major factor in designing 
heat sink structures for stud type power transistors. All 
other factors being equal, the thickness of the thermally 
conducting plate is of prime importance in the solution of 
heat flow problems. 


SEMICONDUCTORS NOISE 
FIGURE CONSIDERATIONS 


INTRODUCTION 


The design of low noise amplifiers requires a basic 
working knowledge of subjects such as circuit stability, 
cross modulation, noise figure, etc. 


The purpose of this report is to provide, in a single 
working reference, basic semiconductor noise figure con- 
siderations. Emphasis is on basic fundamentals: rather 
than complex mathematical derivations. Because much of 
the theory, particularly with noise, is statistical and quite 
complicated, derivations will in fact be avoided with de- 
tails available in suggested references. 


NOISE SOURCES 


The three types of noise sources generally associated 
with solid state devices are thermal noise, shot noise and 
EXCess noise. 


THERMAL NOISE — Thermal noise! 2-97-16 resutts 
from the random motion of free carriers in a medium 
caused by thermal agitation. Although the sum of all the 
noise currents over a long period of time is zero, at any 
given instant a net current in one direction may result. In 
an ideal resistor, the net current produces a voltage which 
has a constant spectral density independent of frequency. 
The self-generated noise voltage across a resistor is: 


= VY4kTRB, 


where: 
€, = Johnson noise (rms volts) 
k = Boltzmann’s constant (1.38 x 10°73 joule/°k) 
T = Temperature (degrees Kelvin) 
R = Effective Resistance (Ohms) 
B = Equivalent bandwidth (Hz) of the system 


through which the noise is measured. 


The thermal noise associated with a solid state device 
results from resistance within the device. Thermal noise in 
a transistor comes principally from the base spreading resist- 
ance (ry, 


SHOT NOISE — Shot noise*»®:7:16 and thermal noise 
for that matter, depends on the nature of charge carriers 
for generation. The basic difference, is that thermal noise 
is produced by the erratic movement of free charge while 
shot noise is produced by the change (i.e., appearance and 


disappearance) of the charge carriers with respect to the 
circuit current. 


The basic equation for full shot noise in a diode is: 


Ps rf 2q lic B 


—_ 
I 


where 
i, = Shot noise (rms amps) 
q = electron charge (1.59 x 10°19 coulombs) 
lac = diode direct current (amps) 


B = equivalent bandwidth (Hz) 


Another important characteristic of both thermal and 
shot noise is the flat frequency spectrum. This frequency 
independent characteristic is an important consideration in 
the construction of equivalent device noise models. 


Sources of shot noise in a transistor are currents within 
the emitter-base and collector-base diodes.5 


EXCESS NOISE — Excess noise~»!4,16 usually occurs 
at low frequencies and is also known as 1/f noise. The exact 
mechanism producing this phenomenon is not well known. 
It is thought to be associated with “traps” within the 
emitter depletion layer which capture and release carriers 
at different frequency rates but with energy levels varying 
inversely with frequency. This noise is not only present in 
junction transistors and field-effect transistors, but also in 
certain types of resistors.”’~ In general, the excess noise 
in junction transistors and field-effect transistors is neg- 
ligible above 1 kHz.4 


NOISE FIGURE 


The sensitivity of an amplifier is limited by the signal- 
to-noise ratio available at the antenna or input. The pre- 
sence of any of the previously described noise sources with- 
in the system only serves to further deteriorate this ratio. 
The amount of deterioration of the available input signal- 
to-noise ratio is called the noise figure and may be defined 
as: 


BSS a Ge (1) 
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F = noise figure in power ratio 


Poi = signal input power 
Pj = noise input power 
Pg = signal output power — 
Pio ~ noise output power 
G = power gain of system 


Noise figure is generally expressed in decibels, i.e.: 


_ . Pho 


From a practical standpoint, a distinction needs to be 
made between two types of noise figure, “Spot noise figure” 
** and “average noise figure.”~ Spot noise figure is the 
noise figure measured in a narrow frequency band, useful 
for specifying the noise figure at individual frequencies. 
Average noise figure is measured over a particular frequency 
spectrum such as the bandwidth of an IF amplifier and is 
useful when specifications approximating total system per- 
formance are required. 


GENERAL CHARACTERISTICS — A discussion of 
noise figure variations versus frequency for all types of 
semiconductor devices is a complex study and actually 
beyond the scope of this paper. On the other hand, a pre- 
liminary study of transistor noise figure versus frequency 
can cover several general points which are common with 
other device types. A study of this type usually utilizes 
an equivalent circuit involving device parameters and noise 
sources from which noise figure is derived. The complexity 
of the resultant noise figure expression will vary with the 
complexity of the equivalent circuit used. A relatively 
simple yet adequate noise figure expression for this pur- 
pose is Nielsen’s equation.56,7,8 A modified version of 
this expression is: 


Fel1+ Fe + rb 
2 Rg Rg 
(Ry +1, + rh)? 6 \ 2 
+|——_— 1 + (Gort) rm (3) 
2 6) O R, To ab 
where: 
tr = (ohms) 
IE (mA) 
r{, = base spreading resistance (ohms) 
Ry = source resistance (ohms) 


NF, NOISE FIGURE (dB) 


NF, NOISE FIGURE (dB) 
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frequency (Hz) 


fab common base cut-off frequency (Hz) 


0.1 0.2 0.4 0.6 0.8 1.0 
FREQUENCY (GHz) 
FIGURE 1 — TYPICAL SPOT NOISE FIGURE versus 
FREQUENCY (CALCULATED AND MEASURED) 
FOR 2N4957 SILICON PNP TRANSISTOR 
The graph in Figure 1 gives both the measured and cal- 
culated curves of noise figure versus frequency for the 
2N4957 transistor. Generally, the measured curve is flat in 
the mid-frequency range, increasing at approximately 6 dB 


~ per octave at higher frequencies. The descrepancy between 


measured and calculated values of noise figure in the mid- 
frequency range results from either not considering all 
noise sources or not properly analyzing the assumed noise 
sources. Regardless, the noise model used is reasonably 
accurate and adequate for the purpose of this paper. 
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FIGURE 2 — NOISE FIGURE ASYMPTOTES 


Transistor noise figure at low frequencies (1 kHz or 
less) is not predicted by Nielsen’s equation. The major noise 
contributor in this region is excess noise. The slope of the 
curve in this lower frequency is approximately -3 dB per 
octave. Figure 2 shows a typical noise figure versus fre- 
quency curve for the 2N4957 which includes the region 
affected by excess noise. 


= A 


Although equivalent noise circuits vary depending on 
device type (such as junction and MOS FETs) the same 
general characteristic noise figure versus frequency curve 
exists for each (see figures 3, 4, 5, 6 and 7). 


Other important noise figure characteristics are evident 
from equation 3. For example, for a given transistor of 
known device parameters and operating frequency, this 
equation describes the relationship of noise figure versus 
source resistance. >” Closer examination indicates that by 
proper selection of source resistance, noise figure can be 
minimized. A similar dependence may also be noted 
between noise figure and bias conditions—particularly emit- 
ter current. 


An additional design variable of importance that is not 
shown by equation 3 is the source susceptance. 10 For 
many high frequency devices, lower noise figures are 
attained by mis-tuning the input circuit rather than tuning 
for maximum gain—that is, the base (common-emitter con- 


10 


NUH 
NN LL 


TUNE 
HEH 


figuration) sees a resistance shunted by a susceptance 
(usually capacitive). The value of this susceptance is found 
by empirical methods. Again, the considerations are true 
with junction and MOS field-effect transistors. That is, the 
noise figure, in general, is optimum for a particular bias. 
point and source admittance. 


CHARACTERIZING THE DEVICE 


Noise figure curves from device data sheets take several 
forms. One of the simplest presentations is noise figure 
versus frequency at a fixed bias point (see Figure 5). This 
bias point is usually a compromise between minimum noise 
figure and maximum power gain. Curves of this type, as a 
rule, do not provide the optimum source resistance neces- 
sary for minimum noise figure. 


A convenient method of showing source resistance 
variations for a fixed frequency is shown in Figure 8. This 
figure shows at a glance the optimum source resistance for 


B — SOURCE RESISTANCE EFFECTS 
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FIGURE 4 — NOISE FIGURE CONSIDERATIONS FOR THE 2N5088 AND 2N5089, SILICON NPN TRANSISTORS 
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NF, NOISE FIGURE (dB) 


NF, NOISE FIGURE (dB) 


various values of collector current. Similar curves (see 
Figure 10) at other frequencies allow a more complete 
picture of noise figure to be made. 


Another method of demonstrating source resistance 
effects is shown in Figure 4B. Here the noise figure is 
plotted versus source resistance for several values of bias 
current. This presentation is common for low frequency 
devices. Another presentation which usually incorporates 
the previous curve is shown in Figure 4A. This figure shows 
noise figure versus frequency for several values of collector 
current. Each value of collector current includes the 
optimum source resistance for this value of current. The 
optimum source resistance is ue taken from a figure 
similar to Figure 4B. 


An example of a field-effect transistor presentation 
similar to Figure 4 is shown in Figure 6 for a junction 
field-effect and Figure 7 for a tetrode connected junction 
field-effect transistor. 


A — NOISE FIGURE versus FREQUENCY 


f, FREQUENCY (kHz) 


Ett : 
(RF— IF INTEGRATED | ] Y | NI 
ey f 


_MC1 Sai po tt MFE3005 i TAN, Ad 
sail VA 
At eae 
— ae ee 
2N4416 en 

ee MFE2001 i ec 
ie) 


100 1 
FREQUENCY MHz 


NOISE FIGURE, dB 
NY Q@ or op] ~J [96] © 


= 


2° 


FIGURE 5 — NOISE FIGURE versus FREQUENCY FOR 
VARIOUS RF SEMICONDUCTOR DEVICES 


B — NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 6 — NOISE FIGURE versus FREQUENCY FOR THE 2N4220, J-FET 


A — FREQUENCY VARIATIONS 
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B — SOURCE RESISTANCE VARIATIONS 
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FIGURE 7 — NOISE FIGURE versus SOURCE RESISTANCE FOR THE 3N124, TETRODE J-FET 
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FIGURE 8 — CONTOURS OF NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT FOR 
2N4957 AT 105 MHz 


LOW FREQUENCY NOISE FIGURE MEASUREMENTS 


SIGNAL GENERATOR METHOD — One of the sim- 
plest methods for measuring noise figure at low frequencies 
is to fix the input signal-to-noise ratio, and note the result- 
ant output signal-to-noise ratio. The resultant degradation 
in the output signal-to-noise ratio (noise figure) may be 
expressed in the following form: 


Ej Eso 
ni no 
where: 
E,, = signal input voltage 
Ei = noise input voltage 
E, = signal output voltage 
E10 = noise output voltage 


AUDIO 
OSCILLATOR 


TEST CIRCUIT 


OSCILLOSCOPE 


(For measurement purposes the signal levels are expressed 
in terms of voltage rather than power.) If the source resist- 
ance R, is known, E,; can be calculated from equation (1) 
and E.; adjusted so thie input signal to noise ratio is a con- 
venient value such as 20 dB. 


For such a case: 
_ Eso (5) 
Fi(aB) = 20 dB — 20 logig E 
no 


Since the measured output signal also includes Eno» the 
actual signal measured is: 


2 7 T 
ES =: Eno 


Substituting the measured output signal into equation (5), 
the original relation becomes: 


2 2 
Eo + Eno (6) 
E 


no 


The difference between equation (5) and equation (6) 
represents the degree of error involved: 


E 
Fi (dB) ~ F2(dB) = 20 logio a +1 
no 
E50 
OEIC. (7) 
no 


t A vector sum is necessary as different frequencies are 
added. 
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FIGURE 9 — TEST SET-UP FOR LOW FREQUENCY NOISE FIGURE MEASUREMENT—SIGNAL GENERATOR METHOD 
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As an example, this difference or error is less than 0.5 dB 
for a device having a noise figure up to 10 dB if the input 
signal to noise ratio is 20 dB. 


The general procedure (see Figure 9) for utilizing this 
method is as follows: First, adjust the input voltage signal 
to noise ratio to 20 dB. Second, adjust the variable attenu- 
ator such that the voltmeter indication of E,, is full scale. 
Next, reduce the input signal to zero and note the drop in 

output voltage (dB). Since the output voltage without a 
signal is E,9, the actual drop in output in dB represents 
the ratio of E,, and Eq. This ratio, when subtracted 
from 20 dB, is the noise figure (without error correction). 


CONSTANT-GAIN METHOD 


The basis for this method involves maintaining a 
constant known voltage gain and measuring Eno (see equa- 
tion 8). Knowing these terms, in addition to the bandwidth 
(which is determined by a band-pass filter as in the first 
method) and the source resistance, the noise figure can be 
calculated. A commercial instrument employing this operat- 
ing principle is the Quan-Tech Noise Analyzer, Model 2173- 
2181. 

P i 
F G G = power gain 


or, in terms of voltage: 
2 
Eno 
F = —— (8) 


5 > 
Eni (Gy)? 
where Gy = voltage gain. 


HIGH FREQUENCY NOISE FIGURE 
MEASUREMENTS 


OUTPUT DOUBLING METHOD -— Probably the sim- 
plest technique to measure noise figure at high frequencies 
is the noise doubling method. This involves increasing the 
noise generator output until the noise power in the output 
is doubled. The noise power produced by the noise gen- 
erator under these conditions is the same as that produced 
_ by the circuit. That is: 


Pno = G Png, 


Pno = noise power out from source and device 


oP) 
ii 


power gain 


Png = noise generator power output 


If this term is substituted into equation (2), we have the 
following expression: 


Pog 


Pai 


F = (9) 


The actual values of both Png and Ppj are functions of not 
only source resistance but also the input impedance of the 
“device-under-test” circuit. A convenient method of defin- 
ing Png and Pri is on an available power basis, or, 


2 
Cni 
Pie SS rs 
mo 4 g (10) 
and 
a. 22 
ing R, 
os (1 
Pig ; | ) 


For the case where the noise generator used is a tempe- 
rature-limited tungsten-filament diode with a mean-square 
current of 


ing = 2q 1a, B (see shot noise) (12) 
a qlac Ry 
2KTo (is) 


Assuming the temperature of the source (To) is 290°K 
and that Rg is 50 ohms, this expression reduces to: 


F = 14, (inmA). (14) 


The actual technique used to double the noise output 
power involves more than connecting an RF voltmeter to 
the output of the test circuit and noting when the twice 
power output point is reached. First, the noise power 
levels are very low and a post amplifier is required to in- 
crease these levels to the capability of the RF voltmeter. 
In addition, this power amplifier (if spot noise is desired) 
must have a bandwidth less than the test amplifier and 
must not overload for the signal levels encountered. 
Finally, the actual RF voltmeter used must be linear and 
must respond to the RMS voltage. | 


The contribution of noise by the post amplifier is 


taken into account by the following equation: 


Seal aia ene —_—_—— . 2. eo 
1 Gy Gy GG GQ. - - Gq) 
where, 
F = overall noise figure (power ratio) 


F, = noise figure of the first stage (power ratio) 
F. = noise figure of the second stage (power ratio) 
F3 = noise figure of the third stage (power ratio) 
G, = power gain of the first stage (ratio) 


G» = power gain of the second stage (ratio). 
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Additional considerations, such as “image response”’, 
are beyond the scope of this paper. For more information 
on these considerations, see references 18, 19, and 25. 
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FIGURE 10 — CONTOURS OF NOISE FIGURE versus SOURCE 
RESISTANCE AND COLLECTOR CURRENT 
AT 200 MHz 


COMMERCIAL EQUIPMENT TECHNIQUE — More 
sophisticated noise measurement techniques generally use 
a noise generator with two modes of operation. One mode 
utilizes the output power from a source such as a temper- 
ature limited diode or a gas-discharge tube. The second 
mode usually utilizes the noise output power of the gener- 
ator source resistance at room temperature. 


A noise generator of this type is connected to the 
input of a system under test and the two resultant output 
levels from the “‘system” are used to determine the noise 
figure (See Figure 12). The general equation! / relating 
noise figure and the two output levels is: 


NOISE 
GENERATOR 


TERMINATION 


SYSTEM 
UNDER TEST 


16 
Ty —-Tp Pio2 a) 
o- nol 


F = 10 logig 


where the expression [(T2 - To)/To]is a measure of the re- 
lative excess noise power from the noise generator and 
Pno1 and Ppo?2 are the two resultant power output levels. 
These levels correspond respectively to the “fired” and 
“unfired” modes of operation of the noise source. 


The relative excess noise power is usually specified by 
the manufacturer. A typical value for an Argon gas tube is 
15.2 dB. However, for accurate measurements, each source 
must be individually checked at each frequency of in- 
tended use. 


Equation (16) is the basis for several of the most pop- 
ular manual and automatic commercial noise characteriza- 
tion systems. 17,18,19 


A typical manual noise figure system using an IF atten- 
uator is shown in Figure 11. The objective in using the 
attenuator is to determine the ratio of Pno) and Ppo2. 
This ratio is called the “Y” factor. Initially, a convenient 
detector level is noted with the noise diode in the unfired 
mode. Next, the noise diode is fired and the attenuator 
readjusted to reduce the new detector level to the original 
level. The amount of attenuation added is the ratio of 
Pno2 to Pnol. The resultant noise figure is calculated by 
substituting the excess noise power and the attenuator 
change in equation (16). 


Automatic noise measuring equipment in general, gate 
the noise diode “on” and “off” at a fixed rate and con- 
tinuously record the output power ratio. Methods of re- 
ducing this ratio to a continuous noise figure reading will 
vary with manufacturer. 
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FIGURE 11 — MANUAL NOISE FIGURE SYSTEM USING AN IF ATTENUATOR 
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FIGURE 12 — TYPICAL TEST SET-UP FOR 200 MHz NOISE FIGURE MEASUREMENT 


TYPICAL VHF NOISE FIGURE MEASUREMENTS 
USING AUTOMATIC EQUIPMENT 


A typical 200 MHz noise figure test set-up using auto- 
matic noise measuring equipment is shown in Figure 12. 


The noise diode is connected to the test circuit through 
a special coaxial cable which transforms the 50 ohm noise 
diode impedance to a higher impedance level, (such as 
100 ohms) with negligible circuit loss. Input circuit losses 
are important since each dB of input circuit loss adds 
directly to the noise figure. The special coaxial cable length 
is trimmed to exactly one-quarter of a 200 MHz wave- 
length, such that when one end of the cable is terminated 
in 50 ohms, the resultant impedance level at the other end 
is the desired resistive value with minimum shunting capac- 
itance (0.2 pF max). The cable characteristic impedance 
necessary to give the desired source resistance is calculated 
from: 


Ro” = RgRy, 
where 
R, = characteristic impedance of cable (ohms) 
R,_ = resistance of noise diode (SO ohms) 
Rg = desired source resistance (ohms) 


Several values of source resistance values are readily 
attained by using coaxial cable with standard values of 
characteristic impedance. Additional resistance values can 
be attained by varying the center-conductor wire size of 
the cable. 


Directly following the test amplifier is the post ampli- 
fier. This amplifier provides the additional gain necessary 
to operate the automatic noise figure equipment. Although 
the required gain is also a function of the test circuit gain, 
a typical power gain is 50 dB. 


Since system bandwidth is determined by the auto- 
matic noise equipment, no special bandwidth restrictions 
are required. 


Any contribution of the post amplifier to the total 
measured noise figure may be calculated with Equation 15. 
A post amplifier with a noise figure low enough to avoid 
any significant contribution to the total noise figure is 
highly desirable. 


The input impedance of the post amplifier should be 
50 ohms since this impedance level will provide the load 
for the test circuit. If the device under test is mismatched 
at the output, the resultant source resistance seen by the 
post amplifier can increase to several hundred ohms and 
may result in instability problems with the post amplifier. 
Consequently, the first stage of the post amplifier should 
be stable regardless of the source resistance. 


17-965 


MPS6568 


Ro =5092 470pF 


P (1000 pF ) 


All Trimmers 1K 


are 1-10 pF 
er pF ) 
ee 


-V + Vics 
3 TURNS NO, 18 TINNED WIRE, 1/4 INCH 1.D. 
AER WOUND — LENGTH IS 3/16 INCH. 


5 1/2 TURNS NO. 16 TINNED WIRE, 3/8 INCH 1.D. 
AIR WOUND — LENGTH IS 71/2 INCH, W a FEEDS TAP 
2 1/2 TURNS FROM COLLECTOR END —OUTPUT 
TAP, 1/2 TURN FROM COLLECTOR END. 


FIGURE 13 — A TYPICAL 200 MHz NOISE TEST CIRCUIT 


A typical 200 MHz noise figure test circuit is shown in 
Figure 13. Here a common emitter neutralized configura- 
tion is used with two bias supplies. The desired source 
impedance seen by the device under test is provided by 
the special coaxial cable previously discussed, and the 
input tank circuit provides the necessary tuning. The coil 
(Li) must be carefully constructed to minimize input 
circuit loss; not only should the unloaded Q be high, but 
the actual inductance value should be as large as possible 
and still maintain tuning. 


In general, all lead lengths should be minimum and 
circuit layout should be such that the neutralizing cap- 
acitor (CN) is provided the shortest path between the base 
and L3, through a small hole in the shield. Piston-type 
capacitors are recommended for Cn. 


The immediate area should be carefully examined for 
unknown noise generators. A screen room is certainly a 
“must.” As a general statement, each piece of equipment 
in the screen room must be examined as a potential noise 
source. For instance, it is not uncommon to find that the 
signal generator used to measure power gain, generates a 
considerable amount of noise power even with the genera- 
tor output power level reduced. 


DESIGN CONSIDERATIONS FOR HIGH FREQUENCY 
LOW NOISE AMPLIFIERS 


The actual design of a low noise amplifier whether 
intended for audio or RF applications usually involves 
considerations other than low noise figure. Particularly in 
high frequency applications, considerations such as: cross- 
modulation, intermodulation distortion and dynamic range 


NOISE-FREE 
AMPLIFIER 


FIGURE 14 — MODEL TO DEMONSTRATE THE EFFECT OF AN 


EXTERNAL SHUNT RESISTANCE AT INPUT OF 
NOISE FIGURE TEST CIRCUIT 


are of paramount importance and may often overshadow 
and delegate to a secondary role the overall noise figure. 
(The interested reader may obtain more information in. 
references 10, 23, and 24). 


As previously mentioned, the device must operate 
under specified bias conditions and generator source ad- 
mittance to realize the optimum device noise figure. In 
addition to providing the device with this environment, 
another major noise contributor, input circuit loss, must 
also be considered. This circuit loss usually takes the form 
of an equivalent input shunting resistance resulting from 
coil loss, bias resistance, capacitor loss, or other compo- 
nent losses such as stand-offs and sockets. 


An excellent method of demonstrating the effect of 
an external resistance shunting the input circuit is to con- 
sider the circuit in Figure 14. The amplifier is considered 
noise free. The calculated noise figure 15 up to point A-B 
is: 


For the case where the shunting resistor Rp equals the 
source resistance, the noise figure will be degraded 3 dB 
before the device is even considered. The minimum noise 
figure occurs when RD» Rg which means that Rp must be 
large or Rg small. The former condition may be difficult 
to achieve since the input of the amplifier is generally a 
tuned circuit and the maximum value of Rp (considering 
the tuned circuit only) will be limited by practicable coil 
losses. Correspondingly, Rg may not be arbitrarily reduced 
since the device requires a certain source resistance for 
minimum noise figure. 


17-26 


T 500 


CAPACITANCE VALUES IN pF 


L1,L.2 —SILVER-PLATED BRASS ROD, 1-1/2’ LONG AND 1/4” DIAMETER. INSTALL AT LEAST 1/2”’ FROM 


NEAREST VERTICAL CHASSIS SURFACE. 


L3 — 1/2 TURN NO. 16 AWG WIRE}; LOCATED 1/4” FROM AND PARALLEL TO L2 
* — EXTERNAL INTERLEAD SHIELD TO ISOLATE COLLECTOR LEAD FROM EMITTER AND BASE LEADS. 


FIGURE 15 — A UHF LOW NOISE TEST CIRCUIT, 450 MHz 


The effect of reducing the bandwidth can be seen by 
examining the following where tuning is shown in the 
input circuit: 


, x 
Rs L Cc 


Rp = coil loss (Rp = QuXz) 


Xy = reactance of coil 


Rg’ = optimum source resistance 


The circuit bandwidth of this figure is described as: 


; ~ Xy fy 
Bandwidth = U 
where: 
f, = center frequency 
, 
R’ = RpRs _ =R? 
r, ~ S$ ° 
Rp + Rg 


Thus, it can be seen that reducing the bandwidth for 
a fixed value of Rs will require Xj], to also decrease. 
Unfortunately, reducing XL will also reduce Rp. Thus, 
decreasing the bandwidth of the input circuit will result 
in generally a higher noise figure, since the circuit loss 
increases. 


An example of a UHF low noise test circuit is shown 
in Figure 15 in which noise figures as low as 2.1 dB are 
measured, 27,28. 


. The common emitter and common base configuration 
have approximately the same noise figure.> The final 
choice of which configuration to use is usually made by 
carefully considering other factors such as power gain, 
stability, and whether or not neutralization is acceptable. 


DESIGN CONSIDERATIONS FOR LOW FREQUENCY, 
LOW NOISE AMPLIFIERS 


Excess noise (the predominant noise contributor at low 
frequencies) does not fit into a convenient noise model 
such as proposed by Nielsen. However, empirical investi- 
gation shows a similar dependence of noise figure on bias 
conditions and source impedance (see Figures 3 and 4). 
This dependence is of considerable importance in low fre- 
quency design and may dictate the type of device used 
(bipolar or field effect transistor). The major difficulty 
concerns transforming the system source impedance to the 
desired value (seen by the device) necessary for optimum 
noise figure. At high frequencies, transformation is readily 
accomplished with a simple tuned circuit. At low frequen- 
cies, however, transformation is limited to a transformer. 
Transformers are usually avoided if possible because of 
bandwidth, weight, noise pickup, loss and cost considera- 


tions. Consequently, rather than transforming the required 


source impedance (magnetic pick-up, etc.) to the desired 
resistance seen by the device, the device is usually selected 
and biased such that the required resistance seen by the 
device approximates the actual source resistance. 
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MATCHING NETWORK DESIGNS 
WITH COMPUTER SOLUTIONS 


Prepared by: 
Frank Davis 


INTRODUCTION 


One of the problems facing the circuit design en- 
gineer is the design of high-frequency matching networks. 
Careful design of a network that will accomplish the re- 
quired matching, harmonic attenuation, bandwidth, etc., 
and yield components of practical size can result in many 
hours spent with pencil and slide rule. 


The design of matching networks for high frequen- 
cy circuits involves an infinite number of possibilities, 
and acomplete tabulation of possible network solutions 
would be virtually impossible. However, it is often nec- 
essary to design matching networks with a 50 + j 0 ohm 
impedance at one port. This, combined with a restricted 
range of impedance values to be matched,imposed by net- 
work and device limitations, makes practical a tabulation 
of some of the more commonly used networks. These 
design solutions are given in this report. 


The network solutions included in this report have 
the limitation that one terminating impedance must be 
50+j 0 ohms. These networks are often used for match- 
ing in transistor RF power amplifier circuits that have a 
50-ohm source or load. When the network does not have 
a 50-ohm termination at either port, the mathematical 
procedure given for each network in Appendix I can be 
used for the solution. 


COMPONENT CONSIDERATIONS 


Four networks are presented in this report with 
solutions in the form of computer tabulations. Each net- 
work has its own limitations. Although the network con- 
figuration is normally up to the discretion of the design 
engineer, it is sometimes necessary to use one configu- 
ration in preference to another in order to obtain com- 


ponent values that are more realistic from a practical ~ 


standpoint. 


Component selection in the UHF and VHF fre- 
quency ranges becomes a major problem, and the net- 
work configuration to obtain realistic component values 
is of vital importance to the design engineer. Design 
calculations for matching networks can become com- 
pletely meaningless unless the components for the net- 
work are measured at the operating frequency. 


For example, a 100 pF silver mica capacitor that 
meets all specifications at 1 MHz can have as much ca- 
pacitance as 300 pF at 100 MHz. At some frequency, the 
capacitor's series lead inductance will finally tune out 
the capacitance, thus leaving the capacitor net inductive. 


Values of inductance in the low nanohenry range 
are also difficult to obtain, since the inductance of a one- 
inch straight piece of #20 solid tinned wire is approxi- 
mately 20 nH. 


Component tolerances have no meaning at VHF 
frequencies and above unless they are specified at the 
operating frequency. It cannot be over-emphasized that 
components must be measured at the operating frequency. 


NETWORK SOLUTIONS 


The resistor and capacitor shown in the box la- 
beled "device to be matched" represent the complex input 


or output impedance of a transistor. These complex im- 
pedances have been represented in series form in some 
cases and parallel form in others, depending on which 
form is most convenient for network calculation. The 
resultant impedance of the network, when terminated with 
50 + | 0 ohms, must be equal to the conjugate of the im- 
pedance in the box. The computer tabulations provide 
this solution. 


Network A (see Figure 1) is applicable only when 
the ''device to be matched" has a series real part of less 
than 50 ohms. As we can see from the computer tabula- 
tion, as the series real part approaches 50 ohms, the 
reactance of C, approaches infinity. However, in RF 
power amplifiers, we normally find that the series real 
part of both the input and the output is less than 50ohms, 
making this matching network applicable to most RF 
power amplifier stages. Where the terminating imped- 
ance is other than 50 ohms, the mathematical procedure 
for the network solution is given in Appendix I. 


Network B (see Figure 2) is the Pi network widely 
used in vacuum tube transmitters. As is apparent from 
the computer tabulation, this network is often impracti- 
cal for use where Ry is small. For values of R, less 
than 50ohms, the inductance of L becomes impractically 
small while the capacitance of both C, and Cy become 
very large. Where the Pi network configuration must be 
used to match low values of impedance, a double Pi net- 
work, in which the Q of the first section is very low, can 
be utilized to yield practical components. 


Network C has been solved intwo forms (see Fig- 
ure 3). Both of these networks have the limitation that 
Ry, must be less than 50 ohms. However, it must be 
stressed that this network configuration quite often yields 
the most practical components where low values of R41 
must be matched. 

Network D (see Figure 4) is a "Tee" network. 
This network is useful for matching impedance less than 
or greater than 50 ohms. It has been observed in labo- 
ratory tests that this network configuration also yields 
very high collector efficiencies when used for output 
matching in transistor RF power amplifier stages. 


DEVICE TO BE 
MATCHED 


DEVICE TO BE 
MATCHED 


FIGURE 2 — NETWORK B 
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Xoy Xo 
| R 
xX L 
C2 iE 50 2 


DEVICE TO 
BE MATCHED 


DEVICE TO 
BE MATCHED 


NETWORK C, 
FIGURE 3 


To convert a parallel resistance and reactance combina- 


tion to series: 

Rp 

Le - 2 
1+ (Rp/Xp) 


Rp 
ar 5 ae 
Pp 


a 
s 


Toconvert a series resistance and reactance combination 


to parallel: 


Rp = R,[1 + (K/R,)"] 


Rp 
» a 
P xX /7R 
ss 
To solve network A: 
1, Select aQ 
Xr z QR, : Xo out 
Xoo = AR, 
x... - (B/A\B/Q) __B 
C1 (B/A)-(B Q-A 


R, (1 + Q4) 
where A = | ~— 1 
L 


B= R,(1 + Q2) 
To solve network B: 


1. Selecta Q 


Xo, = R,/Q 
RJR 
/ Ry 
Sin erg, cf ae 
2 VQ? )-R,/R,) 
_ QR, + (RYRY/Xqp) 
L eas 


DEVICE TO 
BE MATCHED 


FIGURE 4 — NETWORK D 
SUMMARY 


Four computer-solved networks have been pre- 
sented. The mathematical procedure for the solution of 
each network has been given in Appendix I.* Although 
the networks have found major use in matching solid-state 
RF power amplifier stages, they are also applicable to 
any circuit where the individual network's limitations 
are fulfilled. 


*For the derivation of the equations used, refer to Elec- 
tronic Circuit Analysis, Volume 1, ''Passive Networks," 
Philip Cutler. 


APPENDIX | 


To solve network C 


1 
1. Selecta Q 


Li C out 
Xo, = QR, 
Ry 
x R ge 
c2° LW, 
RR 
Ry 
x = X + 
acs tae 


To solve network Cy: 


1. SelectaQ 


2. L, is not used in this network 


Xo, QR, 
Ry 
xX R yk 
C2 L Ri- R, 
R,R 
lL 
x = X,, + ( +X 
L2 Cl Xoo C out 
To solve network D: 
1. Select aQ 
X11 = RW + Xoo 
Xi9 = R, B 
x. - (A/Q)A/B) _ _ A 
C1 (A7Q) + (A/B)~ Q+B 


where A = R,( + Q*) 


er 
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NETWORK A 


TO DESIGN A NETWORK USING THE TABLES 
Transform the parallel impedance of the device to 
be matched to series form (R, + Xe ut! 

Define Q, in column one, as X 4/Ry- 


Choose a Q. 

For a Q, find the R_ to be matched in the R column 

and read the reactive value of the components. 
PCHED. ' is equal to the quantity X],1 obtained from the 


MATCHED : wud . 
tables plus | Cout! * 


This completes the network. 


p> hb hb hhh bh Ph fb 


PTO 1b HD & PO 
Co 8 WW OO WO OO OO WO Ww WW WD WW WW OW OO OD © OO WW Ww 


a 


1 
1 
1 
1 
1 
1 
1 
1 
i! 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
| 2 
3 
| 3 
3 
3 
3 
3 
3 
3 


ph PP HHH A HLL Hh Hh HHP HP Hh hhh Ph Lh Lh P 


3) 
bs) 
9) 
4) 
) 
) 
) 
4) 
+) 
) 
) 
) 
) 
sy 
+) 
5 
5 
) 
+) 
+) 
5) 
) 
+) 
3. 
5 
rs) 
) 
a) 
A) 
) 
) 
+) 
+) 
+) 
by) 
+) 
+) 
+) 


E 
6 
| 6 
6 
| 6 
6 
6 
6 
6 
6 
6 
6 
6 
| 6 
| 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
| 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
1 
7 
| 7 
7 
7 
1 
7 
7 
7 
7 
A. 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
| 7 


WOOO OOOO WOO COELODO WHO MOMH MDA MDMAA MDMA MDMA MMM ADAMA MAMMA MMOD DMDODDMDDMDDDO OO OO 


ie Pe ne Be ee ne Be ee | 


ba ee 


meow oanoup whd 


WWMM WMWOMOWMOMO OM OODOOMOODAN OO NOHODMO OOOO OO OO 


NETWORK B 


The following is a computer solution for the Pi network when Ry, equals 50 ohms. 


TO DESIGN A NETWORK USING THE TABLES 
Define Q, in column one, as R,/Xo1: 


C, actual is equal toC 


— parallel C out of device to 
bé matched. 


1 


OED . This completes the network. 
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NETWORK C, 


The following is a computer solution for an RF matching 
network. This computer solution is applicable for two 
forms of matching networks. 


TO DESIGN A NETWORK USING THE TABLES 
=X 


C out” 


Define Q, in column one, as Xo 1/24: 


All network values can now be read from the charts 
in terms of reactance. 


DEVICE TO 


BE MATCHED This completes network C 


1 


NETWORK C, 


TO DESIGN A NETWORK USING THE TABLES 


Ly is not used in this network. 


Transform the impedance of the device to be matched 
to series form (R, + IX au! 


Define Q, in column one, as Xo /R: 


For a desired Q, find the R_ to be matched in the 
R, column and read the reactive value of the com- 
ponents. 
DEVICE TO . X79! is equal to the quantity X1,9 obtained f th 
L2 q y AL2 ined from the 
BE MATCHED tables plus | Xcou I - 


This completes network C,. 
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NETWORK D 
The following is a computer solution for an RF "Tee" C1. Variable matching may aiso be accomplished by in- 
matching network. creasing X,,.and adding an equal amount of Xo in series 
Tuning is accomplished by using a variablecapacitor for in the form of a variable capacitor. 


TO DESIGN A NETWORK USING THE TABLES 
Define Q, in column one, as X, 4/R: 


For an R, to be matched and a desired Q, read the 
reactances of the network components from the 
charts. 


Xz1' is equal to the quantity.XL1 obtained from the 
DEVICE TO tables plus | XCout | : 


BE MATCHED This completes the network. 
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SYSTEMIZING RF POWER AMPLIFIER DESIGN 


Prepared by: 
Roy Hejhall 


INTRODUCTION 
Two of the most popular RF small signal design tech- 
niques are: 
|) the use of two port parameters, and 
2) the use of some type of equivalent circuit for the 
transistor. 
Early attempts to adapt these techniques to power ampli- 
fier design led to poor results and frustration. 

In the mid-1960’s, Motorola pioneered the concept of 
solid state power amplifier design through the use of large 
signal transistor input and output impedances. This sys- 
tem has since achieved almost universal acceptance by solid 
state communications equipment manufacturers. It pro- 
vides a systematic design procedure to replace what used 
to be a trial and error process. This note is a description 
of the concept and its use in transmitter design. 


LIMITATIONS OF SMALL-SIGNAL PARAMETERS 


As a vivid example to show the short-comings of trying 
to adapt small-signal parameters to power amplifier design, 
the 2N3948 transistor was considered. A performance 
comparison was made of the 2N3948 operating at 300 
MHz as a Class A small-signal amplifier, and as a Class C* 
power amplifier delivering a power output of 1 W. Table I 
shows the results of this comparison. 


CLASS A CLASS C 
Smaill-signal amplifier Power amplifier 
Vee = 15 Vde; 1, = 80 mA; Veg = 13.6 Vde; 
300 MHz PL =1W 
Input resistance 9 Ohms ) 38 Ohms 
Input capacitance 


or inductance 0.012 wH 21 pF 
Transistor output ; 
resistance 199 Ohms 92 Ohms 
Output capacitance 4.6 pF 5.0 pF 
Gpe 12.4dB 8.2 dB 


Table | — Smaill- and large-signal performance data for the 2N3948 
show the inadequacy of using small-signal characterization data for 
large-signal amplifier design. Resistances and reactances shown are 
parallel! components. That is, the large-signal input impedance is 
38 ohms in parallel with 21 pF, etc. 


The most striking difference in this comparison is in 
the device input impedance. As operation is changed from 
small-signal to large-signal conditions, the complex input 
impedance of the 2N3948 undergoes a considerable change 
in magnitude and actually changes from inductive to capa- 
citive reactance. 


*Class C, as used here, refers to operation with both the emitter 
and base at dc ground potential and with the collector supply as 
the only dc voltage applied, regardless of resulting device conduction 


Note also that the transistor’s output resistances and 
power gains are considerably different for the two modes 
of operation. This example clearly demonstrates the in- 
accuracies that would result in a power-amplifier design 
based on the small-signal parameters of this device. 


IMPORTANCE OF LARGE-SIGNAL PARAMETERS 


The network theory for power amplifier design is well 
known but is useless unless the designer has valid input 
and output impedance data for the transistor. The design 
method described in this report hinges primarily on the 
direct measurement of these parameters for use in network 
synthesis equations. Large-signal impedance data, together 
with power output and gain data, provide the designer 
with the information necessary to design his amplifier net- 
works and to predict the performance that should be a- 
chieved when the design is completed. 

A clear understanding of the test conditions and method 
of presentation for the large signal impedance data is im- 
portant. 


TEST CONDITIONS 


The term “large-signal input impedance” and “‘large- 
signal output impedance” refer to the actual transistor 
terminal impedances when operating in a matched ampli- 
fier at the desired RF power output level and dc supply 
voltage. 

““Matched” is defined as the condition where the input 
and output networks of the test amplifier provide a con- 
jugate match to the transistor, such that the input and 
output impedances of the amplifier are 50 + j O ohms. 

Large-signal impedances should not be confused with 
small-signal, two port parameters which are normally meas- 
ured at low signal levels with Class A bias and the transistor 
(or IC) connected directly to a short, open, or 50 ohm 
termination. 

Most of the data which appears on Motorola RF power 
transistor data sheets is measured in common emitter, Class 
C amplifiers; as this condition covers the majority of device 
applications. 

One significant exception to this involves transistors 
characterized for Class B linear power amplifier service. 
Examples of such transistors are the Motorola 2N5941-2 
series. Since these transistors are designed specifically for 
linear service, their large-signal impedances were measured 
in a linear power amplifier test circuit with a two tone test 
signal instead of the conventional single frequency signal. 
For further information on these transistors see the 


angle. Usually, the emitter is connected directly to chassis ground 
and the base is dc grounded through an inductive network element 
or choke. 
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FIGURE 1 — Parallel Equivalent Input 
Resistance versus Frequency 


Cour, OUTPUT CAPACITANCE (pF) 


f, FREQUENCY (MHz) 


FIGURE 3 — Parallel Equivalent Output 
Capacitance versus Frequency 


Motorola 2N5941-2 data sheet. 


DATA FORMAT 


Much of the information on device data sheets is pre- 
sented in parallel equivalent form of resistance and capa- 
citance. Figures 1-3 form an example of this type of 
presentation. The data may also be presented in series 
equivalent form. It makes no difference which form is 
used as long as the designer pays particular attention to 
the form and uses the data accordingly. As a convenience, 
the series-parallel equivalent conversion equations are given 
in Appendix A. 

For example, reading the complex input impedance, 
from Figures | and 2 at 50 MHz with 40 W output and a 
12.5 Vdc collector supply, we obtain a value of 0.8 ohms 
resistance in parallel with a 500 pF capacitance. 

Another form of impedance data presentation uses the 
series equivalent form plotted on a Smith Chart. This 
form is popular with UHF power transistors due to the 
extensive use of the Smith Chart in microstrip network 
synthesis. Figure 4 is an example of large-signal impedances 
plotted ona Smith Chart plot. Note that Figure 4 includes 
complete complex output impedance data, not just the 
output capacitance. This topic is discussed more fully in 
the section on collector load resistance. 
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AMPLIFIER DESIGN 


After selection of a transistor with the required per- 
formance capabilities, the next step in the design of a 
power amplifier is to determine the large-signal input and 
output impedances of the transistor. When using devices 
for which the data is available, this step involves nothing 
more than reading the complex impedance values off of 
the data sheet. If only output capacitance is given on the 
data sheet, the collector load resistance may be calculated 
in the manner described in. the Collector Load Resistance 
Section of this note. 


Again, the designer is cautioned to carefully determine 
whether the data sheet impedance curves are in parallel 
or series equivalent form, and to use the data accordingly. 
If the data is not available, a later section of this note 
contains information on large-signal impedance measure- 
ment. 


: 56. aie 
, y Pg = O5W ; 
‘Vee = 12.5 Vde 


FIGURE 4 — Large Signal input and 
Output Series Impedances, 2N6256 


Having determined the large-signal impedances, the de- 
signer selects a suitable network configuration and proceeds 
with his network synthesis. 

The primary purpose of this note is to describe the 
large-signal impedance concept. Accordingly, network selec- 
tion and synthesis are beyond the scope of this discussion. 
For specific transmitter design examples using this concept, 
the reader is referred to the following Motorola Application 
Note: AN-548A. 


COLLECTOR LOAD RESISTANCE 


Large-signal impedance data at HF and VHF have for 
the most part been published by Motorola without collec- 
tor load resistance information. The reason is that the load 
resistance can easily be calculated. The conditions nec- 
essary to obtain this load resistance derivation will now be 
discussed. 

If certain simplifying assumptions are made, the theo- 
retical collector voltage of a power amplifier with a tuned 
output network is a sine wave which swings from zero to 
2 Vcc, where Vcc is the dc collector supply voltage. 

These assumptions include: 

: VCE(sat) is equal to zero. 

The output network has sufficient loaded Q to pro- 
duce a sine wave voltage regardless of transistor con- 
duction angle. 

. The voltage drop in the dc collector supply feed 
system is zero. 

The collector load impedance at all harmonics of the 
operating frequency is zero. 

Obviously none of the foregoing assumptions is true, 
and the most serious discrepancies probably arise from 
assumptions 1 and 4. However, conditions are close enough 
to give good results. 

Let us assume for a moment that this theoretical con- 
dition does exist. The parallel equivalent collector load 
resistance, Rp’, then becomes a function of desired RF 
output power and Vcc only. The expression for Ry’ 
given in equation | is readily derived. 


V 2 
RL’= ( (VCC)* 
2p 


a. 


4. 


(1) 


where P = RF output power 


Therefore, the complex collector load impedance for 
an amplifier design would be the conjugate of the parallel 
equivalent output capacitance and collector load resistance 
computed with Equation 1. 

Figure 5 provides a graphic solution to Equation I for 
the four popular dc supply levels of 12.5, 13.6, 24 and 28 
volts. 

Despite the assumptions required, experience with HF 
and VHF lumped-component, power amplifiers with supply 
voltages from 7 to 30 Vdc and power output levels from a 
few tenths of a watt to 300 watts have proven that the 
use of Equation | to compute Ry’ for network synthesis 
yields good results. That is to say, the types of HF and 
VHF lumped component collector output networks which 
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FIGURE 5 — Collector Load Resistance versus 
Power Output 


have proved best from the standpoint of proper impedance 
matching with low losses and smooth tuning generally have 
a sufficient tuning and matching range to compensate for 
any errors associated with Equation 1. 

Of course if the VCE(sat) of the transistor is accurately 
known for the frequency of operation and collector current 
swings anticipated in a particular amplifier, Equation 1 is 
readily modified as follows: 


R 
? 2P 


(2) 


The advent of greatly increased numbers of UHF power 
transistors and their associated amplifier design problems 
brought some revisions to Motorola’s methods of presenting 
large-signal transistor impedances for UHF devices. Among 
the reasons for this are the popularity of microstrip match- 
ing networks and the higher VCE(sat) Values at UHF. 

The major difference in the data format involves output 
impedance, which is presented in full complex form in- 
stead of plotting parallel equivalent output capacitance 
only and using Equation | to compute the load resistance. 
Further, the UHF devices are measured in a microstrip test 
amplifier for the purpose of determining the transistor im- 
pedances in an environment which is as close as possible 
to that of the majority of the actual applications of the 
device. And finally, a Smith Chart plot is used as this is 
more convenient to the microstrip network designer, who 
often makes extensive use of the Smith Chart as a design 
tool. . 

Future Motorola data sheets may also include collector 
load resistance data at frequencies below UHF. The infor-. 
mation is automatically generated for the test circuit in 
use while measuring Cin, Rin and Coyt. 


PARAMETER MEASUREMENT 


Although design engineers will find large-signal impe- 
dance characterization on Motorola data sheets for RF 
power transistors, it may help to know how this data is 
obtained. The transistor is placed in a test circuit designed 
to provide wide tuning capabilities. Design of the first 


test amplifier for a new transistor type is based on esti- 
mates of input and output impedance. 

Since the input and output impedances are needed to 
design an amplifier which is then used to measure the im- 
pedances of the device, we have a “chicken or the egg” 
type of problem. Wide tuning range networks help com- 
pensate for errors in the impedance estimates and they 
also permit the same characterization amplifier to be used 
at multiple power output levels. 

The amplifier is tuned for a careful impedance match 
at both input and output. Several precautions are in order 
to insure that this is accomplished. 

Tuning for maximum power output is valid only if the 
source and load impedances are an accurate 5O + j 0 
ohms. Usually a good 50 ohm load is available in the 
laboratory. Such a load should be used, as tuning for 
maximum output power for a given input power is the 
best method to use on the amplifier output network. 

The input network poses some additional problems. 
First, many laboratory RF power sources are not accurate 
50 ohm generators. A generator impedance that is not 50 
ohms can introduce errors in measuring gain as well as 
input impedances. In addition, a source with high harmon- 
ic levels can cause difficulties in low Q input networks. 

A good solution to this problem is to use a dual direc- 
tional coupler or directional power meter in the coax line 
between the generator and the test amplifier. The amplifier 
is then tuned for zero reflected power, thus indicating that 
the input network is really matching the transistor input 
impedance to 50 + j 0 ohms. 

In practice, the reflected power usually will not null all 
the way to zero, so one should insure that the null is at 
least as deep as that obtained with a good 50 ohm passive 
termination. . 

In some cases, the amplifier will reflect enough harmonic 
power to prevent a satisfactory reflected power null from 
being obtained. A good solution to this problem is to 
place a fundamental frequency bandpass filter at the re- 
flected power port of the dual directional coupler. 

A typical test amplifier for HF and VHF measurements 
is shown in Figure 6. For UHF device characterization, 
amplifiers employing microstrip matching networks are 
most commonly employed. 

After the test amplifier has been properly tuned, the dc 
power, signal source, circuit load, and test transistor are 
disconnected from the circuit. Then the signal source and 
output load circuit connections are each terminated with 
50 ohms. After performing these substitutions, complex 
impedances are measured at the base and collector circuit 
connections of the test transistor (points A and B respect- 
ively in Figure 7). The desired data, the transistor input 
and output impedances, will be the conjugates of the base 
circuit connection and the collector circuit connection, 
impedances respectively. 

By operating test amplifiers at several different frequen- 
cies with at least two power outputs, sufficient data can be 
obtained to characterize a transistor for the majority of its 
power applications. 


Complex impedances are measured at the 
base and collector circuit connections of the 
test transistor (points A and B respectively). 
Desired data will be the conjugates of these 
impedances. 


FIGURE 7 — Test Circuit with Transistor 
Removed 


SUMMARY 


The large-signal impedance characterization of RF power 
transistors has provided the most systematic and successful 
power amplifier design method the author has encountered 
since the concept was explored in depth in the mid 1960’s. 


APPENDIX A 


PARALLEL-TO-SERIES AND SERIES-TO-PARALLEL 
IMPEDANCE CONVERSION EQUATIONS. 
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IMPEDANCE MATCHING NETWORKS 
APPLIED TO RF POWER TRANSISTORS 


Prepared by: 

B. Becciolini 
Applications Engineering 
Geneva, Switzerland 


1. INTRODUCTION 


Some graphic and numerical methods of imped- 
ance matching will be reviewed here. The examples 
given will refer to high frequency power amplifiers. 

Although matching networks normally take the 
form of filters and therefore are also useful to 
provide frequency discrimination, this aspect will 
only be considered as a corollary of the matching 
circuit. 

Matching is necessary for the best possible energy 
transfer from stage to stage. in RF-power transistors 
the input impedance is of low value, decreasing as 
the power increases, or as the chip size becomes 
larger. This impedance must be matched either to a 
generator — of generally 50 ohms internal impedance 
— or to a preceding stage. Impedance transform- 
ation ratios of 10 or even 20 are not rare. Interstage 
matching has to be made between two complex 
impedances, which makes the design still more diffi- 
cult, especially if matching must be accomplished 
over a wide frequency band. 


2. DEVICE PARAMETERS 
2.1 INPUT IMPEDANCE 


The general shape of the input impedance of RF- 
power transistors is as shown in Figure 1. It is a large 
signal parameter, expressed here by the parallel 
combination of a resistance Rp and a reactance Xp 
(Ref. (1)). 


Fig. 1 — Input impedance of RF—power transistors as 
a function of frequency 


The equivalent circuit shown in Figure 2 accounts 
for the behaviour illustrated in Figure 1. 


With the presently used stripline or flange pack- 
aging, most of the power devices for VHF low band 
will have their Rp and Xp values below the series 
resonant point fs. The input impedance will be 
essentially capacitive. 


Where: 
Re = emitter diffusion resistance 


Cog - Cre = diffusion and transi- 
tion capacitances of 
the emitter junction 


Rag' = base spreading resistance 


Cc = package capacitance | 


be = base lead inductance 


Fig. 2 — Equivalent circuit for the input impedance of 
RF-power transistors 


Most of the VHF high band transistors will have 
the series resonant frequency within their operating 
range, i.e. be purely resistive at one single frequency 
fs, while the parallel resonant frequency fp will be 
outside. 

Parameters for one or two gigahertz transistors will 
be beyond fs and approach fp. They show a high 
value of Rp and Xp with inductive character. 

A parameter that is very often used to judge on the 
broadband capabilities of a device is the input Q or 
Qin, defined simply as the ratio Rp/Xp. Practically 
QiN ranges around 1 or less for VHF devices and 
around 5 or more for microwave transistors. 

QIN is an important parameter to consider for 
broadband matching. Matching networks normally 
are low-pass or pseudo low-pass filters. If Qyy is 
high, it can be necessary to use band-pass filter type 
matching networks and to allow insertion losses. But 
broadband matching is still possible. This will be 
discussed later. 


2.2. OUTPUT IMPEDANCE 


The output impedance of the RF-power transis- 
tors, as given by all manufacturers’ data sheets, 
generally consists of only a capacitance Court. The 
internal resistance of the transistor is supposed to be 
much higher than the load and is normally neglected. 
In the case of a relatively low internal resistance, the 
efficiency of the device would decrease by the factor: 


R 
1+ / 
L RT 


where R, is the load resistance, seen at the collector- 
emitter terminals, and Ry the internal transistor 
resistance equal to: 

1 


T+" ) 


~ Dc 


.C 

T ( 

defined as a small signal parameter, where: 
W._. = transit angular frequency 


= transition and diffusion capacitances 


DC at the collector junction 


The output capacitance CQUT, which is a large 
signal parameter, is related to the small signal para- 
meter Ccp, the collector-base transistion capa- 
citance. 

Since a junction capacitance varies with the 
applied voltage, COUT differs from Ccg in that it has 
to be averaged over the total voltage swing. For an 
abrupt junction and assuming certain simplifications, 
Cout = 2 Ccs. 

Figure 3 shows the variation of CouT with 
frequency. CoytT decreases partly due to the 
presence of the collector lead inductance, but mainly 
because of the fact that the base-emitter diode does 
not shut off anymore when the operating frequency 
approaches the transit frequency fr. 


Fig. 3 — Output capacitance Coy as a function 


of frequency 


3. OUTPUT LOAD 


In the absence of a more precise indication, the 
output load Ri is taken equal to: 


[ Voc—VCE (sat) Y 
, 2P out 
with VCE (sat) equal to 2 or 3 volts, increasing with 
frequency. 

The above equation just expresses a well-known 
relation, but also shows that the load, in first approx- 
imation, is not related to the device, except for VCE 
(sat). The load value is primarily dictated by the 
required output power and the peak voltage; it is not 
matched to the output impedance of the device. 


R. 


At higher frequencies this approximation becomes 
less exact and for microwave devices the Joad that 
must be presented to the device is indicated on the 
data sheet. This parameter will be measured on all 
Motorola RF-power devices in the future. 
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Strictly speaking, impedance matching is accom- 
plished only at the input. Interstage and load 
matching are more impedance transformations of the 
device input impedance and of the load into a value 
R,_ (sometimes with additional reactive component) 
that depends essentially on the power demanded and 
the supply voltage. 


4. MATCHING NETWORKS 


In the following, matching networks will be 
described by order of complexity. These are ladder 
type reactance networks. 

The different reactance values will be calculated 
and determined graphically. Increasing the number 
of reactances broadens the bandwidth. However, 
networks consisting of more than four reactances are 
rare. Above four reactances, the improvement is 
small. 


4.1 NUMERICAL DESIGN 
4.1.1 Two-Resistance Networks 


Resistance terminations will first be considered. 
Figure 4 shows the reactive L-section and the 
terminations to be matched. 


2 R, 
n> 1 


Fig. 4 — Two-—Reactance Matching Network 


Matching or exact transformation from Rg into Ry 
occurs at a single frequency fo. 


At i xX, and Xo are os to: 
R 
XR eR a oan I 
1 2 
ee _ Vvn—1 
X, = R, (Ry - RO) = R, ; 


X41 and Xz must be of opposite sign. The shunt 


reactance is in parallel with the larger resistance. 


The frequency response of the L-section is shown 
in Figure 5, where the normalized current is plotted 
as a function of the normalized frequency. 


If X1 is capacitive and consequently X> inductive, 
then: 


The normalized current absolute value is equal to: 


c) a (ae 
= 
0 Jin = 1) 2)" = 22)? + in 4 1)? 
oO oO 
E 
where - = a , and is plotted in Figure 5 (Ref. (2) ). 


1 


Fig. 5 — Normalized frequency response for the 
L—section in low—pass or high—pass form 


If X14 is inductive and consequently Xz capacitive, 
the only change required is a repacement of f by fo 
and vice-versa. The L-section has low pass form in 
the first case and high-pass form in the second case. 


The Q of the circuit at fy is equal to: 


For a given transformation ratio n, there is only one 
possible value of Q. On the other hand, there are two 
symmetrical solutions for the network, that can be 
either a low-pass filter or a high-pass filter. 

The frequency f, does not need to be the center 
frequency, f; , fo, of the desired band limited by f; 


and fo. 2 


In fact, as can be seen from the low-pass: con- 
figuration of Figure 5, it may be interesting to shift fo 
toward the high band edge frequency fg to obtain a 

f ; 

2 ( 1 + f) 
ar 


larger bandwidth w, where w = 


This will, however, be at the expense of poorer 
harmonic rejection. 


Example: 
For a transformation ratio n = 4, it can be deter- 
mined from the above relations: 
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Bandwidth w 0.1 0.3 
Max insertion losses 0.025 0.2 
X4/Rq4 1.730 1.712 


If the terminations Ry and Ro have a reactive com- 
ponent X, the latter may be taken as part of the 
external reactance as shown. in Figure 6. 


This compensation is applicable as long as 


XINT Ry 


2 XINT 


Tables giving reactance values can be found in 
Ref. (3) and (4). | 


4.1.1.1 Use of transmission lines and inductors 


In the preceding section, the inductance was 
expected to be realized by a lumped element. A 
transmission line can be used instead (Fig 7). 


(a) 


Fig. 7 — Use of a transmission line in the L-—section 


As can be seen from the computed selectivity 
curves (Fig. 8) for the two configurations, trans- 
mission lines result in a larger bandwidth. The gain is 
important for a transmission line having a length 
L=A/4 (0 =90°) anda characteristic impedance 


Zo=\ R1.Ro. It is not significant for lines short 
with respect to 4/4. One will notice that there is an 


infinity of solutions, one for each value of C, when 
using transmission lines. - 


4.1.2 Three-reactance matching networks 


The networks which will be investigated are shown 
in Figure 9. They are made of three reactances 
alternatively connected in series and shunt. 


A three-reactances configuration allows to make Network (a): 


the quality factor Q of the circuit and the transform- ee 7 R, /O Q must be first selected 
ation ratio n = mc independent of each other and | 
-R 1 R 1 Ro 

consequently to choose the selectivity between Xoo > R, 2 1 
certain limits. (Q +1) a 

For narrow band designs, one can use the 2 
following formulas (Ref. (5) AN-267, where tables are QR, + (R , Ro/X oo) 
given): x, ” SU a 

Q +1 


ze 
Toor ar a ee 
(ae aee $4 tt 


Transformation ratio n = 10 


Fig. 8 — Bandwidth of the L—section for n = 10 — 
(a) with lumped constants 
(b) with a transmission line (/4) 


17-A7 


See ee 
Ry Ga », a 


Three—reactance matching networks 


Network (b) : Q must first be selected 
Xi = R,Q 
4 = R..B A = R, (1+ 0° ) 
L2 2 1 
suas Bie py 
Xc1  G+B Ro 
Network (c) : 
X =OR Q must first be selected 
L1 1 
Ry (140°) 
Xeo = A.R, Ae : ' 
2 
B 
Xo1 ~ Q-A B = R,.(1+0°) 


The network which yields the most practical com- 
ponent values, should be selected for a given 
application. 

The three-reactance networks can be thought of 
as being formed of a L-section (two reactances) and 
of a compensation reactance. The L-section 
essentially performs the impedance transformation, 
while the additional reactance compensates for the 
reactive part of the transformed impedance over a 
certain frequency band. 

Figure 10 shows a representation in the Z-plane of 
the circuit of Figure 9 (a) split into two parts 
R7-C7z-L1 and C9-Ro2. 

Exact transformation from Rj into R2 occurs at the 
points of intersection M and N. Impedances are then 
conjugate or Z’= R’ + jX’ and Z’=R" + jx” with R’=R” 
and X’==—X". 

The only possible solution is obtained when X’ and 
-X"" are tangential to each other. For the dashed 
curve, representing another value of L, or Cy, a 
wider frequency band could be expected at the 
expense of some ripple inside the band. However, 
this can only be reached with four reactances as will 
be shown in section 4.1.3. 
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With a three-reactance configuration, there are not 
enough degrees of freedom to permit X'= —X"’ and 
simultaneously obtain the same_ variation of 
frequency on both curves from M’ to point N’. 


Fig. 10 — 2-plane representation of the circuit of Fig. 9 (a) 


Exact transformation can, 
obtained at one frequency. 
The values of the three reactances can be calcu- 


* ’ mu Ooo: aw dx’ | dX” 
lated by making X’ = -X’’,R’ = R and =, — FR" 


therefore, only be 


The general solution of these equations leads to 
complicated calculations. Therefore, computed 
tables should be used. 

One will note on Figure 10 that the compensation 
reactance contributes somewhat to impedance 
transformation, i.e. R’ varies when going from M to 
R92. 

The circuit of Figure 9 (b) is dual with respect to 
the first one and gives exactly the same results in a 
Y-plane representation. 

Circuit of Figure 9 (c) is somewhat different since 
only one intersection M exists as shown in Figure 11. 
Narrower frequency bands must be expected from 
this configuration. The widest band is obtained for 
C, = © 

Again, if one of the terminations has a reactive 
component, the latter can be taken as a part of the 
matching network, provided it is not too large (see 
Fig. 6). 


B" = (W/kRZ — G") 


VG"R,- 1 


B' .- B" 


Fig. 11 — Y—plane representation of the circuit of fig. 9{c) 


4.1.3 Four-reactance networks 


Four-reactance networks are used essentially for 
broadband matching. The networks which will be 
considered in the following consist of two two- 
reactance sections in cascade. Some networks have 
pseudo low-pass filter character, others band-pass 
filter character. In principle, the former show 
narrower bandwidth since they extend the 
impedance transformation to very low frequencies 
unnecessarily, while the latter insure good matching 
over a wide frequency band around the center 
frequency only (see Fig. 14). 


Fig. 12 — Four-reactance networks 


The two-reactance sections used in above 
networks have either transformation properties or 
compensation properties. Impedance transformation 
is obtained with one series reactance and one shunt 
reactance. Compensation is made with both 
reactances in series or in shunt. 

If two cascaded transformation networks are used, 
transformation is accomplished partly by each one. 

With four-reactance networks there are two 
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frequencies. fj and fo, at which the transformation 
from Rj into Ra is exact. These frequencies may also 
coincide. 

For network (b) for instance, at point M, R41 or R2 
is transformed into ¥R7R2 when both frequencies 
fall together. At all points (M), 21; and 22 are 
conjugate if the transformation is exact. 

In the case of Figure 12 (b) the reactances are 
easily calculated for equal frequencies: 


yet yy eg Neat 
h nag eo NX xX =R..R.=X.X 
ei a eke tae ea 
R, R, 
X= eee , X= Vn —1 


4 on 


For network (a) normally, at point (M), Z; and Z9 
are complex. This pseudo low-pass filter has been 
computed elsewhere (Ref. (3)). Many tables can be 
found in the literature for networks of four and more 
reactances having Tchebyscheff character or maxi- 
mally-flat response (Ref. (3), (4) and (6)). 

Figure 13 shows the transformation path from R4 
to Ro for networks (a) and (b) on a Smith-Chart (refer 
also to section 4.2, Graphic Design). 

Case (a) has been calculated using tables 
mentioned in Ref. (4). 

Case (b) has been obtained from the relationship 
given above for X1... Xq. Both apply to a trans- 


formation ratio equal to 10 and for Ry .= 1. 


normalised imp. 


ral 0.28 + j0.45 
2 normalised adm. 


(1 — j1 6) 


Q, 0.1 + j0.16/ 
12.8 — j4.5) 


0.28 — j0.14\\# 
(2.8 + j1.4) 


0,316 — j0.465 


Qn (4 + 51.47) 


(a) X, = 0.624 X3=0.169 (b) X'y = 068 X'g = 0.215 
( ( ( 
B, = 1.6 Bz = 59 g,= 147 By = 46 
Xo = 0.59 Xa = = 0.160 X> = 0.465 x = 0.147 


(a) 
OU U er 
Ry 


13 — Transformation paths for networks (a) and (6) 


There is no simple relationship for X'1. . . X'q of 
network (b) if f; is made different from fo for larger 
bandwidth. 

Figure 14 shows the respective bandwidths of net- 
work (a) and (b) for the circuits shown in Figure 13. 


Fig. 14 — Selectivity curves for networks (a) and 


(b} of Fig. 13 


If the terminations contain a reactive component, 
the computed values for X4 or X4 may be adjusted to 
compensate for this. 

For configuration (a), it can be seen from Figure 
13, that in the considered case the Q’s are equal to 
1.6. | 

For configuration (b) Q’1, which is equal to Q'9, is 
fixed for each transformation ratio. 


n 2 141 81] 10! 16 
Q. =a’. 10.65 11 11.35 114611973. A =vvn-1 


1 2 


The maximum value of reactance that the termin- 
ations may have for use in this configuration can be 
determined from the above values of Q’. 

If R1 is the load resistance of a transistor, the 
internal transistor resistance may not be equal to Ry. 
In this case the selectivity curve will be different from 
the curves given in Figure 14. Figure 15 shows the 
selectivity for networks (a) and (b) wher the source 
resistance Rj is infinite. 
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From Figure 15 it can be seen that network (a) is 
more sensitve to Ry changes than network (b). 

As mentioned earlier, the four-reactance network 
can also be thought of as two cascaded two- 
reactance sections; one used for transformation, the 
other for compensation. Figure 16 shows commonly 
used compensation networks, together with the 
associated L-section. 


The circuit of Figure 16 (a) can be compared to the 
three-reactance network shown in Figure 9 (c), The 
difference is that capacitor Co of that circuit has been 
replaced by a L-C circuit. The resulting improvement 
may be seen by comparing Figure 17 with Figure 11. 


compensation network 


+o o-- 


mamas, 


ieee, 


ig. 16 — Compensation networks used with a L—section 


HOA, ~1/WC,) 


R, 
‘= G+ iB = ——+___, _ _, 
Ry HOA pHucy)? RY + (WL, -1/0C, 1? 


Fig. 17 -- Y—plane representation of the circuit of Fig. 16 (a) 


By adding one reactance, exact impedance trans- 


formation is achieved at two frequencies. It is now | 


possible to choose component values such that the 
point of intersection M’ occurs. at the same 
frequency f; on both curves and simultaneously that 
N’ occurs at the same frequency fg on both curves. 
Among the infinite number of possible intersections, 
only one allows to achieve this. 


When M’ and N’ coincide in M, the new dX'_ dX" 
condition df df 
can be added to the condition X' = —X" (for three- 
networks) and similarly R’=R” and dR’ _ dR”. 


df df 


If fy is made different from f2, a larger bandwidth 
can be achieved at the expense of some ripple inside 
the band. 

Again, a general solution of the above equations 
leads to still more complicated calculations than in 
the case of three-reactance networks. Therefore, 
tables are preferable (Ref. (3), (4) and (6)). 

The circuit of Figure 16 (b) is dual of the circuit of 
of Figure 14 (a) and does not need to be treated 
separately. It gives exactly the same results in the 
Z-plane. Figure 16 (c) shows a higher order compen- 
sation requiring six reactive elements. 

The above discussed matching networks 
employing compensation circuits result in narrower 
bandwidths than the former solutions (see para- 
graph 4.1.3) using two transformation sections. A 
matching with higher order compensation such as in 
Figure 16 (c) is not recommended. Better use can be 
made of the large number of reactive elements using 
them all for transformation. 

When the above configurations are realized using 
short portions of transmission lines, the equations or 
the usual tables no longer apply. The calculations 
must be carried out on a computer, due to the 
complexity. However, a graphic method can be used 
(see next section) which will consist essentially in 
tracing a transformation path on the Z-Y-chart using 
the computed lumped element values and replacing 
it by the closest path obtained with distributed con- 
stants. The bandwidth change is not significant as 
long as short portions of lines are used (Ref. (13)). 


4.1.4 Matching networks using quarter-wave 
transformers 


At sufficiently high frequencies, where \ /4-long 
lines of practical size can be realized, broadband 
transformation can easily be accomplished by the 
use of one or more )\/4-sections. 

Figure 18 summarizes the main relations for (a) 
one-section and (b) two-section transformation. 
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4 
4 


Zz VR, R 
2 1 2 
at A, R = VRy Ro 


Fig. 18 — Transformation networks using 4—long 
transmission lines 


A compensation network can be realized using 
a X/2-long transmission line. 

Figures 19 and 20 show the selectivity curves for 
different transformation ratios and section numbers. 


Aol/A 
Fig. 19 — Selectivity curves for two \/g--section networks 
at different transformation ratios 


Fig. 20 — Selectivity curves for one, two and three 


\/g—sections 


Exponential lines 


Exponential lines have largely frequency indepen- 
dent transformation properties. . 

The characteristic impedance of such lines varies 
exponentially with their length |: 

Z=Z .e a 
O 

where k is a constant, 
but these properties are preserved only if k is small. 


4.1.5 Broadband matching using band-pass filter 
type networks. High Q case. 


The above circuits are applicable to devices having 
low input or output Q, if broadband matching is 
required. Generally, if the impedances to be matched 
can be represented for instance by a resistar R in 
series with an inductor L (sometimes a capacitor C) 
within the band of interest and if L is sufficiently low, 
the latter can be incorporated into the first inductor 
of the matching network. This is also valid if the 
representation consists of a shunt combination of a 
resistor and a reactance 

Practically this is feasible for Q’s around one or 
two. For higher Q’s or for input impedances 
consisting of a series or parallel resonant circuit (see 
Fig. 2), as it appears to be for large bandwidths, a 
different treatment must be followed. 

Let us first recall that, as shown by Bode and Fano 
(Ref. (7) and (8)), limitations exist on the impedance 
matching of a complex load. In the example of Figure 
21, the load to be matched consists of a capacitor C 
and a resistor R in shunt. 


Matching 
Network 
(lossiess} 


Fig. 21 — General matching conditions 


The reflection coefficient between transformed 
load and generator is equal to: 
Zn ~ Re 
+ 
ZN iP 


T= 


I’ = 0, perfect matching, 


r = 1, total reflection. 


The ratio of reflected to incident power is: 


The fundamental limitation on the matching takes 
the form: 


1 7 
pean <-— 
f wtih rae RC 


W=o 
and is represented in Figure 22. 

The meaning of Bode equation is that,the area S 
under the curve cannot be greater than RG and there- 
fore, if matching is required over a_ certain 
bandwidth, this can only be done at the expense of 
less power transfer within the band. Thus, power 


Bode equation 
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Fig. 22 — Representation of Bode equation 


transfer and bandwidth appear as interchangeable 
quantities. 

It is evident that the best utilization of the area S is 
obtained when|r| is kept constant over the 
desired band we and made equal to 1 over the rest of 


the spectrum. Then|f|=e ©.RC — within the band 
and no power transfer happens outside. 

A network fulfilling this requirement cannot be 
obtained in practice as an infinite number of reactive 
elements would be necessary. 

If the attenuation a is plotted versus the frequency 
for practical cases, one may expect to have curves 
like the ones shown in Figure 23 for a low-pass filter 
having Tchebyscheff character. 


Fig. 23 — Attenuation versus angular frequency for 
different bandwidths with same load 


For a given complex load, an extension of the 
bandwidth from w to wa is possible only with a 
simultaneous increase of the attenuation a. This is 
especially noticeable for Q's exceeding one or two 
(see Figure 24). 

Thus, devices having relatively high input Q's are 
useable for broadband operation, provided the 
consequent higher attenuation or reflection intro- 
duced is acceptable. 

The general shape of the average insertion losses 
or attenuation a (neglecting the ripple) of a low-pass 
impedance matching network is represented in 
Figure 24 as a function of 1/Q for different numbers 
of network elements n (ref. (3)). 


1 1/Q 


Fig. 24 — Insertion losses as a function of 1/O 


For a given QO and given ripple, the attenuation 
decreases if the number n of the network elements 
increases. But above n = 4, the improvement is 
small. 

For a given attenuation a and bandwidth, the 
larger n the smaller the ripple. | 

For a given attenuation and ripple, the larger n the 
larger the bandwidth. 

Computations show that for Q< 1 and n <« 3 the 
attenuation -is below 0.1 db approximately. The 
impedance transformation ratio is not free here. The 
network is a true low-pass filter. For a given load, the 
optimum generator impedance will result from the 
computation. 

Before impedance transformation is introduced, a 
conversion of the low-pass prototype into a 
band-pass filter type network must be made. Figure 
25 summarizes the main relations for this conversion. 


Band—pass 


r.Co 


Wy? Co 


etc, 


' Fig. 25 —. Conversion from low—pass into band—pass filter 


r is the conversion factor. 

For the band-pass filter, Qjpy max or the maximum 
possible input Q of a device to be matched, has been 
increased by the factor r (from Figure 25, Q’ jn) max 
= ©.QiN max). 

impedance inverters will be used for impedance 
transformation. These networks are suitable for 
insertion into a band-pass filter without affecting the 
transmission characteristics. 

Figure 26 shows four impedance inverters. It will 
be noticed that one of the reactances is negative and 
must be combined in the band-pass network with a 
reactance of at least equal positive value. Insertion of 
the inverter can be made at any convenient place 
(Ref. (3) and (9)). _ 

When using the band-pass filter for matching the 
input impedance of a transistor, reactances L’, C’y 


should be made to resonate at w, by addition of a. 


convenient series reactance. 

As stated above, the series combination of Ro, L’; 
and C’; normally constitutes the equivalent input 
network of a transistor when considered over a large 
bandwidth. This is a good approximation up to about 
500 MHz. 
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Inver 
ter c 


1/n2 —i/n 


Equivalent to: 


TEE 


Cc 

nit 
Cc 
—_—{ 

n: 
iis 
ni 
"BE 

n:1 


In practice the normal procedure for using a band- 
pass filter type matching network will be the 
following: 


b) Linc Tze 


LU-t/n) L(V /n2-1/n) 


Fig 26 — Impedance inverters 


(1) For a given bandwidth, center frequency and 
input impedance of a device to be matched e.g. 


to 50 ohms, first determine Qj,’ from the data 


ro | 


sheet as after having eventually added a 


o 
series reactor for centering, 


(2) Convert the equivalent circuit Roly ‘ Cy’ into a 
low-pass prototype Ro Ly and calculate Qjy 
using the formulas of Figure 25, 

(3) Determine the other reactance values from 

tables (Ref. (3)) for the desired bandwidth, 

(4) Convert the element values found by step (3) 


into series or parallel resonant circuit para- 
meters, ; 


(5) Insert the impedance inverter in any convenient 
place. 


In the above discussions, the gain roll-off has not 
been taken into account. This is of normal use for 
moderate bandwidths (30% for ex.). However, 
several methods can be employed to obtain a 
constant gain within the band despite the intrinsic 
gain decrease of a transistor with frequency. 

Tables have been computed elsewhere (Ref. (10)) 
for matching networks approximating 6 db/octave 
attenuation versus frequency. 


Another method consists in using the above 
mentioned network and then to add a compensation 
circuit as shown for example in Figure 27. 


R= 2iN = constant vs. f. 


2. - 
W2 = 1LyCy = Wkly 


(high band edge) 
Q2 = “pla/R = Q, = 
Wi CR 


Fig. 27 — Roll—off compensation network 


Resonance wh is placed at the high edge of the 
frequency band. Choosing O correctly, roll-off can be 
made 6 db/octave. 


The response of the circuit shown in Figure 27 is 
expressed by: 


1 


5 2 wr ‘where WS, 
OG oe! 
b 
This must be equal to = for 6db/octave compen- 
sation. . b 


At the other band edge a, exact compensation can 


be obtained if: Or 2 
(——) -1 
ae 
Q= Ww Ww 
a (2 
aa a 


4.1.6 Line Transformers 


The broadband properties of line transformers 
make them very useful in the design of broadband 
impedance matching networks (Ref. (11) and (12)). 

A very common form is shown by Figure 28. This is 
a 4:1 impedance transformer. Other transformation 
ratios like 9: 1 or 16: 1 are also often used but will 
not be considered here. 


Fig. 28 — 4:1 line transformer 


The high frequency cut-off is determined by the 
length of line which is usually chosen smaller than 
A min/8. Short lines extend the high frequency 
performance. 

The low frequency cut-off is determined first by 
the length of line, long lines extending the low 
frequency performance of the transformer. Low 
frequency cut-off is also improved by a high even 
mode impedance, which can be achieved by the use 
of ferrite material. With matched ends, no power is 
coupled through the ferrite which cannot saturate. 

For matched impedances, the high frequency 
attenuation a of the 4 : 1 transformer is given by: 


(1+3 cos 2 nT)? +4 sin? on ix 
4(1+ cos 27 Im)? 


For | =)/4,a=1.250r 1 db; for | =A/2,a=o0. 


The characteristic impedance of the line trans- 
former must be equal to: 


Zo = VRg.R . 


Figures 29 and 30 show two different realizations 
of 4 : 1 transformers for a 50 to 12.5 ohm-trans- 
formation designed for the band 118-136 MHz. 

The transformers are made of two printed circuit 
boards or two ribbons stuck together and connected 
as shown in Figures 29 and 30. 


Epoxy 0.2mm thick 


LEE EEESEEDEETETEEETEEReEEnE, | . 


TOOL “ ‘4 
G 


fT dy a . 


) 
@ 


Fig. 29 — 4:1 line transformer on p.c. board 


Ribbon thickness 
Electrical tape 

EE3990 
Peérinacel 


Isolation New Brunswick 


{solation 


Ferrite 


- Stick one ribbon (1.5mm wide} against the other (2.5) 
Total fength per ribbon = Icm. 
Turns 35 


Fig. 30 -- 4:1 copper ribbon line transformer with ferrite 


Line transformer on ferrite (Fig. 30) 


4.2 GRAPHIC DESIGN 


The common method of graphic design makes use 
of the Impedance-Admittance Chart (Smith Chart). 

It is applicable to all ladder-type networks as 
encountered in matching circuits. 

Matching is supposed to be realized by the suc- 
cessive algebraic addition of reactances (or suscept- 
ances) to a given start impedance (or admittance) 
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until another end impedance (or admittance) is 
reached. 

{impedance chart and admittance chart can be super- 
imposed and used alternatively due to the ‘fact that 
an immittance point, defined by its reflection coefficient 
I’ with respect to a reference, is common to the Z-chart 


and the Y-chart, both being representations in the 


_F -plane. 


Characteristic 


T= pia eee R : . 
$ impedance of the line 


=a 
Gg 


More precisely, the Z-chart is a plot in the I -plane, 
while the Y-chart is a plot in the —I° -plane. The change 
from the to —I° -plane is accounted for in the con- 
struction rules given below. 

Figure 31 and 32 show the representation of normal- 
ized Zand Y respectively, in the I -plane. 


inductive 


x >0 


capacitive 


x<0 


f - plane 


Rectangular coordinates 


daa BOR 


(r +1)" +x 


Radius :1/(1 +4) 
r circles 


Center at: ¥, = a7. ¥, = 0 


Radius : 1/x 
‘x circles 


Center at: Y, = 1, 


7; = 1/x 


Fig. 31 — Representation of the normalized Z values 


in the [-plane 


‘capacitive 


b>0 


ee 2 
9, = cats 


(1 +9)¢ +b 


—2b 


Y= PEG ERE b Rectangular coordinates 
(1 +9)%+ b SIG ee a ey 


Radius - 1/ (14g) 
g circles 


Center at: Y, = —9/(t+9): ¥, = 9 


Radius : 1/b 
b circles 


Center at : Y =~1 , 7; =-1/b 


Fig. 32 — Representation of the normalized Y—values 


in the T~ plane 


The Z-chart is used for the algebraic addition of 
series reactances. The Y-chart is used for the alge- 
braic addition of shunt reactances. 

For the practical use of the charts, it is convenient 
to make the design on transparent paper and then 
place it on a usual Smith-chart of impedance type (for 
example). For the addition of a series reactor, the 
chart will be placed with ‘‘short” to the left. For the 
addition of a shunt reactor, it will be rotated by 180° 
with “‘short’’ (always in terms of impedance) to the 
right. 

The following design rules apply. They can very 
easily be found by thinking of the more familiar Z and 
Y representation in reactangular coordinates. 


For joining two impedance points, there are a 
infinity of solutions. Therefore, one must first decide 
on the number of reactances that will constitute the 
matching network. This number is related essentially 
to the desired bandwidth and the transformation 
ratio. 


cs Chart to 
_ Addition of 


series R Zz 


ee Using curve 


open 
(in terms of 
admittance) 
short 
(in terms of 
admittance) 


series G 


1 
series C (+——) ccw 
jwoC 


shunt C (+jwC) 


series L (+ jwL) 


cw 


Cw 


1 
shunt L OL! 


Secondly, one must choose the operating Q of the 
circuit, which is also related to the bandwidth. Q can 
be defined at each circuit node as the ratio of the 
reactive part to the real part of the impedance at that 
node. The Q of the circuit, which is normally referred 
to, is the highest value found along the path. 

Constant Q curves can be superimposed to the 
charts and used in conjunction with them. In the 
I -plane, Q-curves are circles with a radius equal to 


yh es and a center at the point + 
Q 


imaginary axis, which is expressed by: 


on the 


Ol- 


Zea OO? 1 
ip ge re, =1+—~ 


1-y —Yy¥. | a? 


The use of the charts will be illustrated with the 
help of an example. 
The following series shunt conversion rules also 


apply: 


Xx 
R = 
R’ 1 R 
R= G =—= 
R2 +x? 
aes 
x’ 
X= - ae Xx 
145 ‘ R7 +x? 
R’ 


2N 5642 


Fig. 33 — Narrow. band VHF power amplifier 


Figure 33 shows the schematic of an amplifier 
using the 2N5642 RF power transistor. Matching has 
to be achieved at 175 MHz, on a narrow band basis. 

The rated output power for the device in question 
is 20 W at 175 MHz and 28 V collector supply. The 
input impedance at these conditions is equal to 2.6 
ohms in parallel with -200 pF (see data Sheet). This 
converts to a resistance of 1.94 ohms in series with a 
reactance of 1.1 ohm. 


The collector load must be equal to: 


(28-3)? 


[ Vcc — Vee (sat) ] 2 re 
40 


2xP 
ou 


15.6 ohms. 
t 


The collector capacitance given by the data sheet 
is 40 pF, corresponding to a capacitive reactance of 
22.7 ohms. 

The output impedance seen by the collector to 
insure the required output power and cance| out the 
collector capacitance must be equal to a resistance 
of 15.6 ohms in parallel with an inductance of 22.7 
ohms. This is equivalent to a resistance of 10.6 ohms 
in series with an inductance of 7.3 ohms. 

The input Q is equal to, 1.1/1.94 or 0.57 while the 
output Q is 7.3/10.6 or 0.69. 

It is seen that around this frequency, the device 
has good broadband capabilities. Nevertheless, the 
matching circuit will be designed here for a narrow 
band application and the effective Q will be 
_ determined by the circuit itself not by the device. 

Figure 34 shows the normalized impedances (to 
50 ohms). 


Normalized input impedance Load impedance 


Fig. 34 — Normalized input and output impedances 
for the 2N5642 
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we 


Figure 35 shows the diagram used for the graphic 
design of the input matching circuit. The circuit Q 
must be larger than about 5 in this case and has been 
chosen equal to 10. At Q = 5, Cz would be infinite. 
The addition of a finite value of C increases the 
circuit Q and therefore the selectivity. The normal- 
ized values between brackets in the Figure: are 
admittances (g + jb). 


Atf = 175MHz, the following results are obtained: 


wL,. = 50x, = 50 (0.39 — 0.022) = 18.5 ohms 
3 3 ~ Lb. =16.8nH 
3 
we 2 al = | (2.5 — 0.42) = 0.0416 mhos 
2 50 2 50 ; 2. Cy = 37.8 pF 
= = 50x. = 50. 1.75 = 87.5 ohms 
ci oC, = 10.4 pF 


j 
Figure 36 shows the diagram for the output circuit, 

designed in a similar way. 

Here, the results are ( f = 175MHz ) : 


whe. =50.x. = 50. (0.4 + 0.146) = 27.3 ohms 
4 4 | Ly = 24.80H 


1 1 
eee =— 19=9Q. h ons 
5 50 b, 50 1.9 = 0.038 mhos Cc, 


The circuit Q at the output is equal to 1.9. 


= 34.5 pF 


parallel capacitance Cy 


_- 
~ tb 


8 0.039+ 0.39 
(0.25 ~j2.5) 


) 
2. 
we 14+ j1.75 


series 
‘ {0.25 ~ j0.42) 


inductance L, 
(x3) series 
Capacitance C, 
ix) 


0.039 +j0.022 1+ 0 


Fig. 35 — Input circuit design 


0,212 4; 0,146 


Vem 
7 farailet capacitance Cy 
(hg) 


a 
series inductance La \ 
{X4) 


Yeo 
0212-,;04 
(Yo 417.9) 


Fig. 36 - “Output circuit design 


The selectivity of a matching circuit can also be 
determined graphically by changing the x or b values 
according to a chosen frequency change. The 
diagram will give the VSWR and the attenuation can 
be computed. 

The graphic method is also useful for conversion 
from a lumped circuit design into a stripline design. 
The immittance circles will now have their centres on 
the 1 + jo point. 

At low impedance levels (large circles), the differ- 
ence between lumped and distributed elements is 
small. 


5. PRACTICAL EXAMPLE 


The example shown refers to a broadband ampli- 
fier stage using a 2N 6083 for operation in the VHF- 
band 118-136 MHz. The 2N 6083 is a 12.5 V-device 
and, since amplitude modulation is used at these 
transmission frequencies, that choice supposes low 
level modulation associated with a feedback system 
for distortion compensation. 

Line transformers will be used at the input and 
output. Therefore the matching circuits will reduce to 
two-reactance networks, due to the relatively low 
impedance transformation ratio required. 


5.1 DEVICE CHARACTERISTICS 


Input impedance of the 2N 6083 at 125 MHz: 
R_ =0.9 ohms 
p 


C_ = —390 pF 
p p 


Rated output power: 

30W for 8W input at 175MHz. From the data sheet 
it appears that at 125MHz, 30W output will be 
achieved with about 4W input. 


Output impedance: 


(Voc “ce (sat)]* _ 100 


2xP 60. 
out 


= 1.67 ohms 


Cc = 180 pF at 125 MHz 
out 
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9.2 CIRCUIT SCHEMATIC 


c,= 300 pF. (chip) 
L,= 4.2 nH (adjust) 
L3= 8 nH (adjust) 
C,= 130 pF ichip) 
Co= 750 pF (chip) 


Ce= 2.2 uF 


T,. TS see Figure 30 . 
RFC, = 7 wrens 
6.3 mm coil diameter 
0.8 mm wire diameter 
RFC, = 3 turns on ferrite bead 
Cy= 0.68 pF . 


Fig. 37 — Circuit schematic 


5.3 TEST RESULTS 


Fig. 39 — 1 vs. frequency 
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RF TRANSISTOR DESIGN > 


Class C Power 


The primary concern of the RF transistor designer 
is meeting the requirements for output power, gain, 
and ruggedness at the specified frequency and 
supply voltage. 

Most RF applications typically require 12.5 or 28 
voit operation of a power device in a mobile trans- 
mitter, base station, or avionics application. This 
choice dictates the epitaxial layer resistivity. Low 
resistivity, about 1 ohm/cm, is used for mobile 
‘devices, while 28 V base station and avionics devices 
are usually built using epi with 2 ohm/cm resistivity. 
Epi resistivity controls collector breakdown voltage, 
since the resistivity value determines the maximum 
possible breakdown voltage. Typically, a particular 
device rarely achieves this bulk breakdown value 
because of junction curvature and surface effects. 
When high voltages are present in an amplifier, 
high breakdown voltages are needed if the transistor 
is to survive. High voltage breakdowns are usually 
obtained by such added features as collector 
depletion rings, or by a high voltage diffusion 
surrounding the relatively shallow RF base 
diffusion. Voltages in excess of 150 volts are easily 
obtained this way. : 

Output power is determined primarily by the 
“electrical size” of the chip. Two common methods 
of sizing are emitter diffusion periphery and base 
diffusion area. Emitter periphery sizing is based on 
the premise that there is some optimum current 
which should be injected for each mil of emitter 
periphery. The base area sizing is based on an 
optimum power density. Both of these techniques 
are Oversimplifications which make it impossible 
to apply them to widely varying device geometries 
and applications. Motorola uses a different method 
of sizing based on each geometry’s Current Factor. 
Current Factor values are obtained by considering 
both emitter periphery effects and power density. 
Proper weighting of both factors makes this 
technique of sizing widely applicable. No matter 
what sizing technique is chosen, the end result is that 
greater power-handling capability requires larger 
chips. Small-signal devices, with only a few 
milliwatts of output power, and large devices with 
100 watts output, range from current factors of 
only 1 to nearly 2000. 

An alternative approach to high output power is 
‘to use several smaller chips in parallel. Unless extreme 
care is taken, this approach can result in unequal 
current and power sharing. Single large chips are 


also susceptible to this sharing problem unless 
specific steps are taken to ensure even current 
distribution. The primary method of handling this 
problem is by the use of well-designed emitter 
resistor layouts. The lowest value of emitter resistance 
on a chip is chosen to prevent thermal runaway up 
to the highest temperatures the device may encounter, 
possibly up to 300°C during output impedance 
mismatch conditions. An appropriate matrix of 
emitter resistance values is constructed so that the 
overall current distribution among the many parallel 
emitter sites results in an even thermal distribution. 
Verification of thermal balance is obtained by 
precise infrared microscope measurements across 
the entire chip. 

The thermal balance of larger chips is also 
improved considerably by “ceil spreading.”’ In this 
techique the base diffusion area is broken up into 
smaller areas; or cells, and each cell is sufficiently 
removed from those adjacent to eliminate thermal 
interaction. The net effect is to achieve lower 
thermal resistance. This is exceedingly important 
in large devices where high power dissipation levels 
can cause excessive junction temperature when 
thermal resistance is not minimized. Some symptoms 
of excessively high temperature operation are low 
efficiency, power slump, and, frequently, total 
device failure. 

The overall ruggedness of a transistor is enhanced 
by many techniques. All of them are aimed at 
preventing two things: junction breakdown due to 
excessive voltages and failure due to hot-spotting. 
Here again, epitaxial layer resistivity and thickness 
are used to alter breakdown voltages and saturated 
output power. Thermal balancing by base cell 
spreading and using emitter resistors also has a strong 
effect on ruggedness. These techniques are com- 
monly referred to as collector and emitter ballasting. 
Ballasting of either type can improve ruggedness for 
a fixed geometry size (current factor), but there is 
a definite trade-off with gain. Usually increasing 
ruggedness requires decreasing gain unless one is 


willing to pay the penalty of the cost of larger die. 


Large die can also adversely affect gain, since it 


is a practical fact that gain decreases by 2 dB for 


each doubling in current factor. To offset this gain 
decrease, the designer has another technique 
available—increase the packing denisty within the 
chip. The most common method of ‘measuring 
packing density is with the figure of merit obtained 
from the ratio of emitter periphery (Ep) to base 
area (Ba) of the chip. Higher Ep/Ba ratios result 
in higher gain. Typically, Ep/B, ratios are as shown 


in the table. 


| Ep/Ba | FREQUENCY 


0.5-1.5 3-30 MHz 
VHF 


GEOMETRY TYPE | 


interdigitated 
Interdigitated or 
Spine (Overlay) 
Spine (Overlay) or 
Mesh (Network) 
Mesh 


UHF 


800-3900 MHz 


Higher Ep/Ba ratios generally mean greater 


processing difficulties. These difficulties are 
somewhat offset by the choice of geometry type. 
Fundamentally, the interdigitated geometry requires 
narrow spacing between emitter and base fingers 
and narrow finger widths. The maximum Ep/Ba 
ratio obtainable with an interdigitated structure of 
uniform spacing ‘’S” is given by 
(Ep/Ba) MAX = ae 

Spacings of 0.08 mil are the minimum easily’ 
obtainable with current technology, giving a maxi- 
mum figure of merit of 5.6. Actual devices with this 
spacing are usually about 4.5. Building a large power 
device using this geometry calls for a great many 
narrow metallization fingers. 


Resistors 


Enlargement of this “interdigitated” 
geometry shows emitter resistors that 
~have been added to balance the current 
throughout the chip. 


This approach increases the probability of a 
metallization defect linking adjoining fingers and 
enhances failures due to metal migration. The spine 
or mesh geometries used for higher figure of merit 
do not completely relieve the tight spacing require- 
ments. In both cases, tight metal spacing is relieved 
while diffusion spacings are not. For example, 
4.5 is the maximum Ep/Ba ratio for a 0.1 mil 


spacing with an interdigitated device. Motorola’s 
family of UHF power devices MRF641 (15 watt), 
MRF644 (25 watt), MRF646 (45 watt), and 
MRF648 (60 watt) are constructed using a split 
mesh (adjoining emitter fingers are not inter- 
connected). All four devices have an Ep/Ba ratio of 
4 and are built with a 0.1 mil spacing between 
adjacent emitter and P+ diffusion areas. Similar tight 
spacing is required in the mesh geometry used for 
the 800-900 MHz 7, 20, 30, and 40 watt devices. 
Here the spacing is reduced to 0.06 mil, using a mesh 
geometry. Without tight spacing of emitter to P+ 
such as these devices have, high Ep/Ba ratios will 
not produce good gain. The introduction of the P+ is 
required to maintain full utilization of all elements 
of the emitter periphery. Introducing undulations 
in the shape of the emitter to increase the periphery 
without a closely spaced P+ will cause some elements 
of the periphery to be debiased due to uneven base 
voltage drops. 

The metal migration failure rate as measured by 
MTBF (Mean Time Before Failure) depends on 
current density, metallization cross-sectional area, 
and activation energy. Activation energy may be 
varied by the choice of metallization with gold and 
aluminum being the two most common choices. 
Motorola uses gold metallization for both avionics 
and 28 volt base station devices where continuous 
operation is anticipated. Mobile devices are usually 
constructed of aluminum. In either case, devices are 
designed for a minimum of 10 years MTBF. 


Linear Power 


Linear operation is usually accomplished by 
building the same type of transistor structure as used 
in Class C operation. The major difference is the 
linearity requirements force the use of devices with 
larger current factors. They are also usually fabricated 
with slightly lower collector resistivity. The combi- 
nation of these factors allows the device to maintain 
good linearity. with high power output levels. 
Motorola has led the industry with its family of SSB 
large-chip transistors, MRF421, MRF422, MRF428. 
These chips are large, 140 X 250 mils, and have 
Current Factors approaching 2000. The higher 
voltage devices are built using a combination of both 
depletion rings and deep P+ high voltage diffusions. 
All feature thermal ballasting through emitter 
resistor matrices. — . | 


Small Signal 


Small-signal devices are constructed from the 
same types of geometries as used for power devices 
except on a much smaller scale of Current Factor. 
The small geometries do not suffer from the gain 
reduction due to size, allowing the use of lower 
Ep/Ba ratios for equivalent gain. 
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Qui - ; 
LLL ELE uite commonly, small signal transistors are not 
EES SER 5% OCS) only required to have a minimum gain, but also 


a minimum f;. This parameter is a measure of the 
total emitter-to-collector transit time. As the collec- 
tor current is increased, the value of f; increases 
initially, peaks, and then finally decreases. The peak 
value is determined by the base and emitter region 
: transit times. This parameter is controlled by both 
SOOSTSFSA = the base junction depth and the emitter doping 
Base Contact Area CoeSS eww oo, . . . . 

CKfL1 species. Using conventional diffusion processes 
. | with a single base and emitter diffusion, maximum 
AL nase Contact nase Comtect AL achievable f, for NPN transistors is about 3-4 GHz 
Area Emitter Contact Area Area without severely degrading the normally desirable 
de characteristics, namely BVCEO and here. 

The logical solution is to use arsenic as the 
emitter dopant species. Arsenic has an advantage 
over the more commonly used phosphorus diffusion 
source. The concentration dependent diffusivity of 
arsenic causes a very abrupt emitter profile. The 


c) 
E 
fe) 
a 
c£ 
2 
Zz 
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YOOX 
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Overlay Structure. Individual emitter cell blocks are dif- increased profile gradient reduces the storage of 
fused into a common base region. Emitter interconnection free carriers in the emitter space charge layer, 
runs are made over a passivating silicon dioxide layer, re- reducing the layer transit time, and increasing fy. 


ducing the need for critically thin interdigitated metal 


fingers. Unfortunately, arsenic diffusion technology is 


dase Contact difficult at best. 
Areas The simplest method for using arsenic as 
a dopant species is to implant it. Motorola has 
Se introduced a whole family of implanted arsenic 
emitter NPN transistors. These devices have typical 
f; of 6 GHz without sacrificing dc characteristics. 
A family of low noise devices has also been 
fabricated using similar processes. Low noise figure 
(NF) places additional requirements on both f;, the 


SON Keke RS INSTR doping density of the base under the emitter, and 


j AL Base the emitter diffusion width. Through _ special 
Emitter Contact (MESH) N+ Emitter Base Contact controlled processing, excellent NF values are 
Areas Areas obtained in the 1 to 2 GHz region. This performance 


requires high f;,, low base spreading resistance, and 
0.05 mil wide arsenic implanted emitters. 


Base Emitter Contact Areas Base AL 


Contact Contact 


Network Emitter Structure. This structure maximizes emit- 
ter periphery to base area ratio but pays for it with increased 
production difficulty and increased contact resistance. 
Motorola employs a thin nichrome barrier (not shown) 
between the silicon and the aluminum metalization in most 
network emitter and overlay devices to prevent aluminum 
metal migration thus improving long-term reliability. 
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RELIABILITY AND 
QUALITY ASSURANCE CHAPTER 19 


RELIABILITY AND 
QUALITY ASSURANCE 


QUALITY LEVELS 


RF Products are available from Motorola in three 
quality levels: . . 

1. Industrial/commercial grade, identified by 
a prefix such as 2N, MRF, or MHW on the part 
number and tested to a published Corporate, JEDEC, 
or Proelectron specification. 

2. Military grade, built and tested per MIL- 
S-19500 and identified by a 2N prefix and JAN, JTX, 
or JTXV suffix. . 

3. Customer-specified grade with screening, 
testing, and marking determined by the customer 
to meet his. particular requirements. These may 
range from a custom-marked industrial/commercial 
grade product to a product which is subjected to 
the most stringent tests required for space or 
submarine applications. 


POST-ASSEMBLY 
PROCESSING 


After assembly, a production lot is first sent to 
Final Test, then is transferred to Quality Assurance. 


Final Test Processing 


In Final Test, 100% of a lot is processed. This 
processing may be as simple as electrical testing to 
a data sheet specification or as complex as a series of 
mechanical and environmental screening _ tests 
preceded and followed by electrical tests. In Final 
Test all lots, whether commercial or high-rel, 
receive a minimum of an eight-hour storage bake 
at 150 or 200°C. 


Quality Assurance Processing 


Once in OA, high-rel lots may undergo additional 
100% screening prior to testing. Using the popular 
2N3866* family. as an example, Table 1 compares 


_ the varying degrees of preconditioning and screening 


that are done on the 2N3866, 2N3866JAN, 
2N3866JANTX and the 2N3866JTXV transistors. 
For testing, QA uses test sample groups A, B, and C 
as defined in MIL-STD 19500. Individual tests are 
defined in MIL-STD-202, 750, and 883. All lots, 
including industrial/commercial, receive Group A 
testing, usually to the same specification which is 
used by Final Test. In addition to the Group A tests, 
military and customer-specified high-rel specifications 


~ usually require Group B and C tests. Table 2 lists the 
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standard LTPD, sample size and lot acceptance 
number used for Group A testing of standard 
products at Motorola. Military and high-rel specifi- 
cations may call for a tighter Group A sample plan. 
Tables 3 and 4 list the Group B and C test 
requirements of the 2N3866JAN and 2N3866- 
JANTXYV specifications. 


Special Processing 


Three additional tests that may be specified 
at extra cost by a high-rel customer are: 

1. Scanning electron microscope 
of a wafer. 

2. X-ray examination of metal can transistors. 

3. Particle Inclusion Noise Detection (PIND) 
test to detect loose particles trapped in a package. 


inspection 


*The 2N3866 is a 400 MHz, 1.0 Watt NPN silicon 
transistor mounted in a TO-39 metal can. 


TABLE 1 — 100% PRECONDITIONING AND SCREENING (2N3866 Family) 


, a 
Test serach 2N3866/JAN | 2N3866JTX/V 


Final Test 
1. Electrical Tests Go/No Go 
(Same as Group A) Remove Rejects 
. High Temperature Storage 200°C, 24 hours 
. Temperature Cycling C, 10 cycles 
. Constant Acceleration 20,000G Y1 | 
. Hermetic Seal 


Fine Leak . GorH 


Gross Leak A,B,C, D or F 
. HTRB 150°C, 48 hr, 24 V 
. Electrical Tests 

(Similar to Group A) 


. Electrical Tests Go/No Go 

. Establish Identity 

. Electrical Tests llcgpo andheeg | 

. Burnin with 168 hr, 1.0 W 
. Electrical Tests Deltas PDA = 10% 


TABLE 2 — STANDARD GROUP A SAMPLING PLANS* (Discrete Products) 


Characteristic | LTPD Sample Accept 
(By Subgroup) Size Number 


Discrete Devices 

Visual and Mechanical 

DC Parameters 

AC and Temperature 
Parameters 

Opens/Shorts 


Discrete Wafers and Dice 


129 
129 


10 52 2 
20 69 9 
10 38 1 
20 25 2 


*Extracted from Motorola Specification 12MRBO2952A Issue D. 


Visual and Mechanical 
Multipack and Decca 
Pack (100% Sorted) 
Wafer Sales and Vial 
Package (no 100% Sort) 

DC Parameters 

AC and Temperature 

Parameters 
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TABLE 3 — GROUP B TESTS (2N3866 Family) 


: Inspection MIL-S-750 LT P D (Accept No.) 
: or Test Method 


2N3866JAN 2N3866JT X/V 
Subgroup B-1 
Physical Dimensions 2066 


Subgroup B-2 
Solderabitity 
Temperature Cycling 
Thermal Shock 


Hermeticity 
Fine Leak ItlaG orH 
Gross Leak A, B, C, D or F 


Moisture Resistance 


Subgroup B-3 
Shock 
Variable Freq. Vib 
Constant Acceleration 


Subgroup B-4 | 

Lead Fatigue 2036 

Subgroup B-5 

Subgroup B-6 
High Temperature 
Storage Life 
Subgroup B-7 


Steady State 
Operating Life 


~ (1000 hours) 


LTPD (Accept No.) | 
2N3866JAN 2N3866JT X/V 


Inspection MIL-S-750 
or Test | Method 
Subgroup C-1 
Barometric Pressure 1001 
Thermal Resistance 3151 - 
1031 
1026 


Subgroup C-2 
Burnout by 

Pulsing 
Subgroup C-3 
High Temperature 
Storage Life 


Extension of 
B-6 to 1000 hrs 


Extension of 
B-7 to 1 000 hrs 


Subgroup C-4 
Steady State 
Operating Life 
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HIGH RELIABILITY PROCESSING OF RF TRANSISTORS 


\ WAFER PROCESSING It ASSEMBLY Hit CAN WELD OR LID SEAL 

After wafers are processed, they are subjected to The die are attached to headers and then wire Completed headers are joaded into a vacuu 
Motorola visual inspection specifications then probe bonded. The following mechanical tests are chamber for can weld or processed thru a furnace f. 
tested to determine compliance with Group A performed by Quality Control inspectors ona metal top attachments on ceramic packages wi 
specifications upon completion. Probe tests include sample basis to ensure assembly process controls. solder preforms. All devices are subjected to a hic 
the following: (1) Class Probe — performed to (1) Wire pull tests temperature storage (stabilization bake) prior © 
determine device type and yield; (2) Unit Probe each (2) Die push off tests final Group A electrical selection. 

unit is subjected to Group A electrical tests — rejects Units are stored in dry air until ready for capping. 


are inked. Following the class and unit probe tests, 
the wafer is scribed and broken. 


PROCESSING AND QUALITY CONTROL FLOW CHART 


| : CAN WELD 
COMMERCIAL WAFER | ASSEMBLY OR 


GRADE | PROCESSING LID SEAL 


JANTXV JANTXV 


VIN 


100% 
100% LOW POWER 


ASSEMBLY VISUAL 


HIGH POWER 
DIE VISUAL 


MILITARY GRADE 


CUSTOMER 
CUSTOMER SPECIFIED . — , SPECIFIED 


SCREENING AND TESTING PROCESSING 


Vil 100% HIGH POWER DIE VISUAL Vill 100% LOW POWER ASSEMBLY VISUAL 


The high power portion of the inspection is The low power visual inspection controls 
performed to assure good die construction and front workmanship, j.e., die attachment, internal lead-wire 


metal conditions. {ndividual reject criteria includes 
the following: Metalization defects such as scratches, 
voids, corrosion, adherence, bridging and alignment. 
Poor die construction conditions such as oxide and 
diffusion faults are also rejected. 
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attachment, and package defects. Die attachment 
inspection includes assuring good adherence, die 
placement and proper orientation. Internal lead 
wires must have proper arc and all attachment bonds 
must be properly placed and in good condition. 
Package defect inspection includes checking for 
foreign material, improper construction and cracked 
glass conditions. 


IV FINAL ELECTRICAL TEST V QUALITY CONTROL Vi WAREHOUSE 


ipleted units are selected for a Group A electrical Samples are taken for complete electrical analysis of Upon completion, the finished product is ready for 

Hand screening is performed where necessary. the lot. Group A and B tests are performed on JAN shipping. Purchase order requirements are carefully 

trical fallout units and over-runs are subject to devices. Group A and B tests and 100% processing checked again prior to shipping. Over-runs are kept 

re screening. are performed on JANTX devices. Some devices also for future orders. Warranty tests (Group A) are 
require Group C inspection tests. performed annually on military devices. 


FINAL , WAREHOUSE 
ELECTRICAL CUE = > SHIP 


TEST : CONTBeS | COMMERCIAL 


JANTX JANTXV 


1X 


100% | 7 WAREHOUSE 


GROUP B SAMPLE 
QUALITY CONTROL GROUP C SAMPLE SHIP 


. | PROCESSING | | | f  JAN-JANTX-JANTXV 


Xl 


WAREHOUSE 
SHIP 
CUSTOM SPECIAL 


IX 100% QUALITY CONTROL X GROUP B AND GROUP C INSPECTION 
a. High temperature storage Typical Group B Processing Typical Group C Processing 
b. High temperature reverse bias (Sample Basis) (Sample Basis) 
c. Temperature cycling a. Physical dimensions a. ac parameters 
oe Therma! age’ b. Moisture resistance b. Barometric pressure 
i oe seal c. Terminal strength c. Burn out pulsing 
2 «SeeeleLalign d. Hermetic seal d. Resistance to solvents 
g. Read & Record parameters e. Solderability 
h. Room temperature burn-in 7 ‘Vibration fatigue 
g. 1000 hr. storage life 
h. 1000 hr. operating life 
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Selection Guide And Cross Reference 


225-400 MHz, 28 Vdc 


2-30 MHz, 12.5 Vde 


407-512 MHz, 12.5 Vdc 


2-30 MHz, 28 Vde 


806-947 MHz, 12.5 Vde 


2-30 MHz, 50 Vde 


Power Amplifier Modules 


14-30 MHz, 12.5 Vde 


Hybrid Linear Amplifier Modules 


27-50 MHz, 12.5 Vde 


Small-Signal, Low-Power 


30-200 MHz, 28 Vdc 


General Technical Information 


40-110 MHz, 12.5 Vde 


RF Transistor Design 


130-175 MHz, 12.5 Vde 


Reliability and Quality Assurance 


225 MHz, 12.5 Vde 


